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ABSTRACT 
A Molecular Epidemiologic Approach to Understanding the Spread of Disease:  
Modeling Staphylococcus aureus Transmission in Maximum-Security Prisons 
Carolyn T. A. Herzig 
 
 Community-associated methicillin-resistant Staphylococcus aureus has been an 
increasing public health problem since its emergence in the 1990s and incarcerated populations 
are at disproportionately high-risk for colonization and infection. However, few studies have 
investigated why levels of S. aureus remain endemic in correctional settings in the absence of an 
outbreak. The overall objective of this dissertation was to evaluate S. aureus transmission in two 
maximum-security prisons using a molecular epidemiologic approach and data collected on over 
2,700 inmates from 2009 – 2013. The objective of this dissertation was met using three aims. 
First, a systematic literature review was conducted to identify studies that used social network 
analysis (SNA) to evaluate infectious disease transmission via non-sexual/non-injection drug use 
contact pathways to detect influences of social networks on disease risk. Results of the review 
demonstrated that SNA approaches in infectious disease epidemiology are flexible and can be 
used to enhance traditional contact investigations, reveal granular patterns of transmission, 
evaluate influences of high-risk behaviors and activities, and identify both protective and causal 
effects resulting from context-specific social interactions. Second, changes in the distribution and 
diversity of S. aureus isolates with increasing length of incarceration were assessed. The results 
revealed some evidence for S. aureus transmission based on greater representation of certain 
strains; however, the genetic diversity of S. aureus was high regardless of length of time served. 
Third, the influence of social interactions among prison inmates on S. aureus colonization status 
was examined using SNA. The results showed that S. aureus colonized inmates were more likely 
to spend time in social groups and that the mechanisms of transmission differed for men and 
women. For women, the association was driven by being centrally located in the social network 
and for men it was driven by higher proportions of colonized inmates in close proximity. 
Overall, the results of this dissertation support the hypothesis that S. aureus is transmitted within 
prisons as a result of direct skin-to-skin contact and/or exposure to contaminated environmental 
surfaces. However, the results also demonstrate that, in the absence of an outbreak, S. aureus 
transmission within prisons is low indicating that endemic levels of S. aureus are primarily 
maintained by the constant introduction of clones into prisons from jails and the community.  
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Chapter 1. Introduction 
 Since its emergence in the mid-1990s, community-associated methicillin-resistant 
Staphylococcus aureus (CA-MRSA) has been an increasing public health problem. An estimated 
30% of healthy adults in the United States are asymptomatic carriers of S. aureus and the 
prevalence of MRSA is between 0.8 – 1.5%.1,2 Furthermore, there is increasing evidence that S. 
aureus colonization in the community predisposes individuals to infection,3–7 as has been found 
in healthcare settings.8–11 Most infections caused by CA-MRSA are uncomplicated skin and soft 
tissue infections (SSTIs), however, some are invasive. Furthermore, annual outpatient and 
emergency department visits for SSTIs nearly doubled between 1997 and 200512 and CA-MRSA 
was found to be the most common cause of SSTIs among patients seen in US emergency 
departments.13,14 These findings demonstrate that identifying populations at high risk of S. 
aureus colonization should be a priority in order to reduce subsequent infection. Incarcerated 
individuals comprise one such high-risk population, with estimates of MRSA colonization that 
range from 0.8 – 15.8%.15–19  
 The US has one of the highest incarceration rates in the world;20 approximately 6.9 
million residents were under the supervision of the adult correctional system at the end of 2013, 
with 0.90% of adults in the US incarcerated in either prisons or jails.21,22 Furthermore, due to 
high rates of recidivism,23 incarcerated populations tend to be highly transient thereby providing 
ample opportunity for the spread of pathogens between correctional facilities and the 
community. Thus, the health status of individuals in correctional settings is intertwined with that 
of individuals in the community, as exemplified in this statement24 made in 1996 by the Joint 
United Nations Programme on HIV/AIDS (UNAIDS): “Prisoners are the community. They come 
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from the community, and they return to it. Protection of prisoners is protection of our 
communities.”  
 Results of a National Institute of Allergy and Infectious Disease-funded study 
(R01AI082536) to evaluate the prevalence of and risk factors for S. aureus colonization and 
infection at two maximum-security prisons (one male and one female) in New York State 
demonstrated that the overall colonization prevalence among inmates entering the prisons19 was 
higher than that among inmates leaving the prisons and returning to the community.25 Fifty-one 
percent of women and 58% of men were S. aureus colonized at prison intake19 compared with 
41% of women and 49% of men colonized when released.25 These findings were particularly 
intriguing when coupled with the observation that there was vast genetic diversity among the S. 
aureus isolates and that patterns of diversity appeared to vary by facility and at different times 
during incarceration, which could be indicative of transmission. Data collected on over 2,700 
inmates during the course of the 5-year study (2009 – 2013) provided a unique opportunity to use 
molecular epidemiology and social network analysis (SNA) approaches to examine S. aureus 
transmission within the two prisons by (1) determining whether there were changes in the 
distribution and diversity of S. aureus isolates with increasing length of incarceration and (2) 
examining the influence of social interactions between inmates on S. aureus colonization status.   
 This dissertation was guided by a conceptual framework, modified from two existing 
frameworks,26,27 to address how inmate health status and outcomes are influenced by social and 
behavioral characteristics within correctional facilities (Figure 1.1). Broadly, the conceptual 
framework demonstrates how disease can spread between jails, prisons, and the community. The 
conceptual framework also illustrates how prisons, in particular, can function to amplify and 
disseminate infectious diseases accounting for inmate social networks, individual-level 
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characteristics of the inmates, as well as molecular features of the pathogen. Individual-level 
factors, such as health status and history of previous infections, engaging in high-risk activities 
(e.g., tattooing and body piercing while incarcerated), and hygiene behaviors (e.g., frequency of 
showering and sharing of personal items) are all likely to play a role in the dissemination of 
disease. Furthermore, some pathogen strains may be particularly virulent and/or especially fit to 
survive in the environment and those characteristics are also accounted for in the framework. 
Finally, although inmates are restricted in terms of how they spend their time they often have 
many opportunities to interact with other inmates through either scheduled or unscheduled 
activities. As shown in the framework, these interactions can be accounted for by evaluating 
participation in social activities at the individual-level or by calculating more complex measures 
to identify the social position of each inmate within the broader facility-wide social network. In 
the context of this dissertation, S. aureus colonization was the inmate health status of interest, 
and S. aureus carriage isolates were characterized using molecular methods to evaluate the 
potential influence of antimicrobial resistance and/or strain type on transmission. The main 
social and behavioral characteristics under study were length of incarceration and social 
interactions, which was measured as participation in group activities.  
 The importance of examining relationships between individuals to better understand how 
diseases and information are transmitted has long been recognized in public health.28 SNA is a 
method that is increasingly used in epidemiology to measure relationships between individuals, 
groups, and/or places to determine how they are connected and interact with one another and to 
identify key players based on their social positions within the network. SNA has been used to 
study infectious disease transmission in the context of clearly defined social contacts and 
relationships between contacts, such as in sexual and/or injection drug use networks. However, 
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network approaches to study transmission through other contact pathways are less common. In 
order to gain an understanding about the utility and flexibility of SNA to address those research 
questions, Chapter 2 summarizes a systematic literature review to identify and describe studies 
that evaluated infectious disease transmission via non-sexual/non-injection drug use contact 
pathways. In addition, findings of identified studies that statistically measured the influences of 
social networks on disease risk were synthesized narratively.   
 Assessments of change in the distribution and diversity of S. aureus carriage isolates with 
increasing length of incarceration are described in Chapter 3. This was accomplished by 
comparing S. aureus isolates from colonized inmates and evaluating whether there were changes 
in the distribution of strain types based on how long inmates had been incarcerated in the current 
facility or since entering the New York State prison system. In addition, the colonization status 
for a sub-group of inmates had been assessed at two time points; isolates recovered from the first 
and second time points were compared to identify changes in the distribution and diversity of S. 
aureus isolates from just those inmates.  
 The influence of social interactions between inmates on S. aureus colonization status was 
assessed in two ways as described in Chapter 4. First, associations between inmate participation 
in group activities and colonization with S. aureus or MRSA were evaluated. Group activities 
included educational classes, vocational training, and group counseling, as well as spending time 
in the housing unit recreation area, in the gym, in sports groups, and with social groups. Second, 
SNA was conducted to infer social network structure based on inmates’ reports of spending time 
in the same activities. Analyses were then conducted to evaluate associations between 
colonization status and measures of social structure, such as how connected an individual inmate 
was to other inmates.  
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 A summary of the findings is provided in Chapter 5, along with a discussion of their 
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Chapter 2. Social Network Analysis to Examine the Transmission of Non-sexually 
Transmitted Infectious Diseases: A Systematic Review 
 
Introduction 
 The importance of examining relationships between individuals to better understand 
disease and information transmission, and how social structures influence health as well as health 
behaviors, has long been recognized in public health.1,2 Statistical approaches that have 
traditionally been used in epidemiology to evaluate disease transmission have focused on 
changes in the frequency of disease over time. These approaches do not account for the disease 
or immune status of one individual affecting the risk of disease in others.1,2 Furthermore, while 
such approaches may account for the overall number of people with whom an individual 
interacts they do not incorporate the non-random nature of how individuals are interconnected to 
better understand the complex dynamics of disease transmission.3 Social network analysis (SNA) 
is a method that is used to investigate how social interactions between individuals influence 
disease risk. A fundamental concept in network analysis is that it incorporates information about 
relationships between pairs of individuals (i.e., network members). A social network is a set of 
individuals connected by their social relationships; individuals are considered interdependent 
with linkages that allow for the flow of information or disease through the network.4 Analysis of 
those linkages as a whole provides insight into social structure and allows for the identification 
of individuals that are critical for transmission based on their central location within a network.  
 Only recently have SNA methods been adapted to evaluate the influence of social 
networks on a number of non-communicable health outcomes such as obesity5,6 and smoking.7,8 
In addition, SNA has been used to study disease transmission in the context of clearly defined 
social contacts. For example, studies of sexual contact networks can identify social structures 
 
 11
that explain how sexually transmitted infections become prevalent and remain endemic9–13 and 
are often used in the study of HIV transmission and prevention.14–18 Injection drug users also 
form clearly defined networks, and these have been studied to evaluate transmission pathways 
and the impact of equipment sharing on disease risk.19–21 Not only does SNA contribute to the 
understanding of transmission dynamics but also the results are used to identify at-risk 
individuals as well as opportunities to implement interventions and provision of treatment and 
care.22–24  
 Although SNA methods have been used primarily to examine social factors that influence 
the spread of pathogens that are transmitted sexually and/or by sharing injection drug equipment, 
they can also be used to identify relationships between infected individuals and other infected 
and uninfected individuals to demonstrate how person-to-person transmission is facilitated by 
direct and indirect contacts. Such indirect contacts may include exposure to contaminated 
environments, shared exposure in places of social aggregation, or sharing contaminated food, 
water, or personal objects. The primary objective of this review was to systematically identify 
and describe studies that used SNA to evaluate infectious disease transmission via non-
sexual/non-injection drug use contact pathways. The secondary objective was to synthesize the 
findings of identified studies that statistically measured the influences of social networks on 
disease risk. Understanding the contribution of social interactions to the spread of disease will 
help to inform public health professionals on appropriate response and prevention strategies for 
different social and behavioral contexts. 
Methods 
 This review was informed by the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) Statement and the PRISMA checklist25,26 is shown in Table A1.1. 
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Data Sources and Literature Search  
 A broad literature search of seven databases (Ovid MEDLINE, PubMed, Scopus, Web of 
Science, Sociological Abstracts, POPLINE, EBSCO CINAHL) was conducted in May 2013 to 
identify studies that used SNA to evaluate non-sexual/non-injection drug use disease 
transmission. Keyword search strategies and terms varied based on the database and are 
described in detail in Table A1.2. Filters were used to restrict results to journal articles and 
reviews of human populations, written in the English language, and published from January 1970 
until May 2013. The literature search was conducted with guidance from a Collection Strategist 
in the Information Services Department at Columbia University Medical Center Health Sciences 
Library. To identify additional studies not found in the literature search, the reference lists of 
relevant reviews and included articles were reviewed. 
Inclusion and Exclusion Criteria 
 Duplicates were removed and screening of retrieved articles by title and abstract was 
conducted using EPPI-Reviewer 427 and two independent reviewers screened abstracts. Final 
inclusion was determined by screening the full-text of potentially eligible articles using the 
following criteria. Studies were eligible to be included in the review if they were (1) published in 
a peer-reviewed journal between January 1970 and May 2013, (2) written in English, (3) 
conducted in human populations in community or institutional settings, (4) utilized a SNA design 
for which relational data were collected (i.e., data linking participants were measured or inferred) 
and networks were visualized in the context of an infection outcome and/or network measures 
were calculated, and (5) collected data on an infectious disease outcome. In addition to the 
inclusion criteria, studies were excluded if (1) the infection(s) evaluated was typically 
transmitted via sexual or vector borne pathways and/or the study described only sexual contact 
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and/or injection drug use networks, (2) disease transmission was assessed using simulated 
networks, (3) social contact patterns were evaluated but were not used in the context of a SNA to 
evaluate an infection outcome (4) the study investigated intervention strategies (such as vaccine 
programs) but did not evaluate an infectious disease outcome, (5) the study used genotype 
clustering data to define links between individuals but did not include relational data, or (6) the 
study described outbreak investigations, surveillance, or was a case study. A notable exception to 
the last criterion is that studies of outbreak investigations were included if they had been 
complemented with a SNA, either prospectively or retrospectively. Importantly, the purpose of 
this synthesis was to review the use of SNA methods to evaluate disease transmission. Therefore, 
studies that observed clusters of cases within social networks but that did not use SNA methods 
were excluded.  
Quality Assessment  
 A 12-item quality assessment tool was developed for the purposes of this review (Table 
A1.3) to evaluate study relevance and methodology using modified sets of criteria from the 
following three sources (shown in Table A1.4): Russell and Gregory28 for the evaluation of 
qualitative research studies (these criteria were also modified for use in a systematic review of 
SNA in adolescent cigarette smoking behavior8); study quality assessment criteria and ratings 
described by Cunningham et al.29 that were used in a systematic review of health professional 
networks (the criteria were based on published checklists); and the Newcastle-Ottawa Quality 
Assessment Scale30 for assessing observational studies. Because not all criteria were relevant to 
all assessed studies, the scores were normalized by dividing by the highest possible score for 
each study (quality scores could range from 0 – 16 or 0 – 18). Articles with a quality score of 
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less than 70% were not included in the review because it was deemed they did not have 
appropriate or sufficient data or reporting quality.  
Data Extraction and Synthesis 
 A data extraction form was developed to extract information on study objectives, study 
design and sampling approach, data collection method, setting and target population, 
participants, relational data collection (used to link study participants for the SNA), infection 
outcome measurement, SNA methods used to analyze the data and calculated measures, other 
statistical methods (when applicable), key results, and conclusions. Because SNA study 
methodologies are heterogeneous they do not lend themselves to meta-analysis; instead, a 
narrative synthesis of the studies was conducted and presented by types of research questions 
that were addressed and statistical evidence. 
Results 
 The database search yielded 8,518 records for screening (7,073 after removing 
duplicates) and an additional 116 were included based on reference list review. The full text of 
46 articles was reviewed to determine eligibility and 20 articles were judged potentially eligible 
and further assessed for quality and relevance (Table A1.5); ultimately, 15 articles were included 
in the review (Figure 2.1).31–45 Among the included articles, two describe studies conducted in 
the same communities in Ecuador but using data collected during different time periods.35,43 An 
additional three articles37,41,44 describe studies conducted in the same community in Bangladesh 




 Characteristics of the included studies are summarized in Table 2.1. The largest 
proportion of studies (n=6; 40%) was of tuberculosis (TB) transmission and another five (33%) 
evaluated associations between social interactions and the spread of diarrheal diseases. Three 
studies evaluated organisms typically characterized by direct person-to-person contact 
transmission (Staphylococcus aureus and Streptococcus pyogenes) and one evaluated 
schistosomiasis, which is generally spread by shared exposure to contaminated water. The 
majority of studies (n=8; 53%) were conducted in North America with the remainder conducted 
in South America (n=2), Africa (n=2), and Asia (n=3). Almost all studies were community-based 
(n=12; 80%), however, two were conducted in hospitals and one in a daycare center.  
 Details of the studies, including objective, study period and design, setting, participant 
characteristics, data sources, social network measures, analytic methods, and major findings are 
presented in Table 2.2. There was wide variation in how relationships between participants were 
ascertained, both in terms of data collection method and definition. Nine of the studies (60%) 
used social network questionnaires and/or contact investigation information to ascertain how 
participants were linked and to determine the strength and/or nature of the relationship. Two 
studies used hospital information to infer epidemiologic links based on admissions and discharge 
dates45 or patient room locations and nursing assignments.40 Three studies37,41,44 used a 
longitudinal dataset containing information about households to track changes in residence and 
thereby constructed kinship-based networks. One study42 inferred social interactions based on 
spatial proximity and the temporal sequence of global positioning system data.  
 Twelve studies (80%) included infection outcomes that were either laboratory- or 
clinically-confirmed. The remaining three studies35,43,44 relied on self-reported outcomes of 
diarrheal disease, the definition for which was slightly different across studies but in general 
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assessed the occurrence of three or more watery or bloody stools and/or fever in the previous 24 
hours. One third of the studies presented SNA results using network visualization and calculated 
social network metrics including density and/or measures of centrality (e.g., degree, 
betweenness, reach) but did not statistically evaluate associations between network measures and 
the respective disease outcomes. Ten studies (67%) included a statistical test to evaluate those 
associations, although not all of those studies presented a visual of the networks and there was 
wide variation in methodology (discussed in more detail below). Social network measures 
discussed in this review are listed and defined in Table A1.6.1,3,4,32,33,40,46 
Social network analysis to evaluate infectious disease transmission: common research questions 
 The utility of SNA to complement traditional outbreak investigations was the topic of five 
studies of TB transmission. In three of those studies,33,36,39 SNA was conducted prospectively 
during the outbreak and in two studies31,32 investigators sought to reconstruct transmission 
networks by re-interviewing participants and using data collected during the initial contact 
investigation. The results of all five studies indicated that SNA was an important complement to 
the contact investigations and identified connections that would otherwise go unrecognized. For 
example, Klovdahl et al.31 demonstrated that based on conventional case-finding methods alone, 
few patients were linked in a TB outbreak in Houston, TX. However, the inclusion of places of 
social aggregation in the network resulted in 86% of patients being linked through one or more 
places indicating that these sites played an important role in the outbreak. Similarly, McElroy et 
al.32 found that the addition of places of social aggregation to a network of patients and contacts 
in Wichita, KS revealed the potential for contact between all but two of 19 patients. In another 
study,33 SNA was used to identify 21 prioritized contacts during an outbreak in Oklahoma, based 
on high centrality scores. Contacts prioritized using SNA were more likely to be TST-positive 
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(i.e., determined to be infected with Mycobaterium tuberculosis) compared with contacts who 
were not prioritized. A similar association was found after supplementing an outbreak 
investigation in Vancouver, Canada.36 The inclusion of places of social aggregation resulted in a 
single connected group and, furthermore, contacts who were TST-positive were more likely to be 
in denser parts of the network. Finally, including both SNA and whole genome sequencing in an 
outbreak investigation in British Columbia, Canada,39 allowed for the identification of a likely 
source case as well as several potential “superspreaders.” This was accomplished through the 
addition of places of social aggregation and the removal of putative connections that could not 
have led to transmission events based on whole genome sequencing. 
 The integration of SNA and molecular epidemiologic methods revealed patterns of 
transmission that would have otherwise not been identified. By evaluating strain similarity, 
several studies gained insight into transmission in both outbreak and non-outbreak settings. 
Gardy et al.39 identified two distinct M. tuberculosis lineages in an outbreak in British Columbia. 
However, most outbreak cases (80%) were directly connected with both lineages suggesting that 
there was a single heterogeneous outbreak network rather than two distinct sub-networks for 
each lineage. Genotyping data of a extensively drug-resistant TB epidemic in Tugela Ferry, 
South Africa45 demonstrated it was highly clonal and that a high degree of connectedness 
between patients resulted in at least three and five generations of transmission among men and 
women, respectively. Four distinct clones were identified in a study of group A streptococcus 
(GAS) in a Mexican daycare34 and it was found that children with high levels of centrality (i.e., 
degree, closeness, and betweenness) were colonized with the same GAS clone, however, the 
results were not significant. A study of S. aureus colonization among drug users in Brooklyn, 
NY38 found that there was no discernible pattern of strain distribution across the network. 
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Instead, there was an unusually high level of strain similarity suggesting a high degree of 
transmission both within and across networks.  
 The impact of high-risk behaviors was evaluated in the context of social interactions in 
several studies. McElroy et al.32 used network visualization to demonstrate that, in addition to 
places of social aggregation, crack cocaine use likely contributed to TB transmission in the 
Wichita, KS outbreak. Crack cocaine use was more frequent among patients and TST-positive 
contacts than it was among TST-negative contacts. Furthermore, these findings were supported 
by genotyping data showing that patients infected with non-outbreak strains were less likely to 
use crack cocaine compared with patients infected with the outbreak strain. In another study,39 
police files of cocaine possession or trafficking showed that crack cocaine use in British 
Columbia increased during a TB outbreak. Furthermore, 61% of TB patients included in the 
investigation reported a history of crack cocaine use, suggesting that this might have played a 
role in triggering and/or sustaining the outbreak. The use of hard drugs (i.e., heroin, crack, and 
cocaine) was also implicated in the spread of S. aureus colonization among drug users in 
Brooklyn, NY.38 These studies demonstrate that SNA can be used to further elucidate the 
contribution of high-risk behaviors, other than sexual contact and/or injection drug use, to the 
spread of disease.  
 The relative importance of social connections and the local environment to diarrheal 
disease transmission was evaluated in communities in Ecuador and Bangladesh. Results of two 
studies35,43 conducted in Ecuador indicated that both social networks and geographic measures 
predict diarrheal disease prevalence at the community level. Furthermore, because it conferred a 
protective effect, social connectedness appeared to measure social cohesion rather than pathogen 
transmission in that context. Specifically, there was an association between higher network 
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degree at the community level and lower all cause diarrheal disease prevalence, after adjusting 
for local environmental factors; the results were similar for both contact and food sharing 
networks.35 In a similar study, Zelner et al.43 defined two contact networks to describe casual and 
close contact interactions (i.e., “passing time network” and “important matters network”, 
respectively). For both networks, higher network degree at the community level was associated 
with lower all cause diarrheal disease prevalence. These results, as well as findings that 
community-level social networks influence disease risk through community sanitation and water 
treatment, hygiene practices, education, and/or household ownership,43 suggest that socially 
connected communities may be more likely to have better water and sanitary infrastructures and 
therefore lower prevalence of diarrheal disease.  
 Several studies37,41,44 of communities in Bangladesh found that diarrheal incidence was 
mostly associated with the local environment as opposed to social connectivity based on 
household group-level kinship networks. Two studies37,41 found that cholera and shigellosis rates 
clustered across groups of households (connected based on kinship) in three of the 21 years 
evaluated. This is in contrast with findings that cholera and shigellosis clustered spatially across 
all 21 years. The third study44 investigated all cause diarrheal disease in young children and the 
results were similar; disease was correlated with maternal-based kinship networks in two of the 
five years evaluated but was correlated with measures of the local environment across all five 
years. These results suggest that diarrheal disease transmission occurred predominately through 
local environmental exposures rather than due to person-to-person contact and, similar to what 
was identified in Ecuador, it is possible that kinship-network connectivity contributed more to 
disease prevention than to transmission. 
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 Context-specific social networks were used to demonstrate both protective and causal 
effects indicating that these methods can provide insight about disease transmission related to 
direct social interactions as well as group behaviors. For example, as discussed above, the results 
of the studies35,37,41,43,44 conducted in Ecuador and Bangladesh on diarrheal disease transmission 
provide evidence that social connectedness at the community level is perhaps a better measure of 
social cohesion than of direct pathogen transmission. Conversely, SNA of pathogens 
characterized by direct person-to-person transmission (i.e., S. aureus and GAS)34,38,40 
demonstrated that increased connectivity was associated with increased risk of colonization. 
Geva et al.,40 in particular, demonstrated that neonatal intensive care unit (NICU) patients who 
were not initially methicillin-resistant S. aureus (MRSA) colonized but who were connected to 
colonized NICU patients, through sibship and/or nursing care, were at significantly increased 
risk of becoming colonized.  
The influence of social interactions on risk of disease: a synthesis of statistical evidence 
 Ten of the 15 studies included a statistical test to evaluate associations between social 
network measures and disease outcomes. There was wide variation in the types of tests that were 
used: six studies (60%)33,35,38,40,41,43 included a multivariable regression analysis, three 
(30%)37,41,44 used Moran’s I statistics to measure social clustering. Other approaches used by a 
single study were autoregressive models,44 structure coefficient comparison,34 or Wilcoxon and 
McNemar tests.36 Although the diversity of methodology and outcomes precludes a formal 
synthesis of the results across studies, the inclusion of statistical tests strengthened within study 
inferences that were made based on network visualization and measures. Thus, the overall results 
provided statistical evidence that SNA measures can be used to predict TST-positivity of 
contacts in TB outbreak investigtaions.33,36 Furthermore, in some settings community-level social 
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connectedness can confer a protective effect rather than increase the risk of 
transmission35,37,41,43,44 while in other settings individual-level connectivity is associated with 
direct pathogen transmission.38,40 
Discussion 
 In this review, 15 studies were identified and evaluated to determine how social network 
methodology had been used to investigate infectious disease transmission via non-sexual/non-
injection drug use contact pathways. Overall, it was found that SNA was used to (1) enhance 
traditional contact investigations of TB outbreaks, (2) reveal more granular patterns of disease 
transmission by combining it with molecular approaches, (3) evaluate the impact of high-risk 
behaviors and activities, (4) tease apart the roles of social connectivity and local environment for 
waterborne and foodborne diseases, and (5) demonstrate both protective and causal effects 
resulting from context-specific social interactions at both individual and community levels. 
Additionally, the use of statistical tests strengthened the inferences that were made based on 
network visualization and measures. These results demonstrate that when studying disease 
transmission SNA provides important information when compared with observational and 
interventional studies that describe factors related to disease risk in a linear manner. This is 
because network methods use social connectivity to capture, describe, and account for the 
complex flow of pathogens through individuals and communities. 
 Several recent articles corroborate the findings presented here. First, published 
recommendations to enhance TB control through contact investigations suggest the use of novel 
approaches such as molecular epidemiology, genomics, and SNA.47 Second, a systematic review 
of visualization and analytics tools for infectious disease epidemiology48 identified and discussed 
eight articles on SNA (three of which were included in the review presented here32,33,36). Similar 
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to what was described here, the authors found that network analysis was used for risk 
stratification of contacts, to visually map contacts to gain understanding about outbreaks, to 
identify potential transmission pathways, and to evaluate common characteristics of infected 
individuals. Also noted was the use of molecular approaches to identify potential exposures. 
Last, a review of S. aureus transmission within households and the community49 recommends 
the collection and analysis of social network data to strengthen studies and provide further 
insight into transmission dynamics.  
 In this review, the findings related to diarrheal disease transmission were distinct; unlike 
in the other studies in which social connectivity was associated with increased pathogen 
transmission, in the studies of diarrheal disease social connectivity within communities was 
associated with reduced risk of disease.35,43 The authors concluded that social cohesion reflects 
community infrastructure and that individual-level risks were reduced in more highly connected 
communities due to collective practices. Specifically, contact networks that captured increasing 
exposure to disease were balanced by sociality networks that captured the protective effect of 
social support.43 A similar protective role of social relationships has been identified for sexually 
transmitted diseases where social capital at the state level was inversely correlated with several 
disease outcomes.50 These results suggest that institutional, community, and state level social 
organization can have important implications on individual risk of infectious disease and future 
research is needed to identify influential factors.   
 This review revealed there was wide variation in the types of methodology and the 
statistical tests that have been used to conduct SNA. Network methodology was largely dictated 
by the type of infection under evaluation, its transmission pathways, and available data sources. 
For the most part, this diverse methodology demonstrates the flexibility of SNA and the potential 
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to apply it in large37,41,44 as well as small34,45 populations. Notable differences between studies 
were identified for how relationships between individuals were measured and defined as well as 
how resulting networks were analyzed. Because collecting complex relational data can be 
resource intensive, particularly for large studies, researchers were innovative in their use of 
existing data sources such as hospital information40,45 and surveillance databases37,41,44 to infer 
connections between individuals and households. Furthermore, although not discussed here, 
many of the evaluated studies used SNA as just one component of a larger analytic methodology 
to address additional research questions that were outside the scope of this review.   
 Although the use of statistical tests strengthened the overall findings of those studies for 
which they were included, the diversity of methodology impeded drawing inferences across 
studies and synthesizing the results quantitatively. SNA is considered a new tool in the study of 
infectious disease epidemiology,48 and this is particularly true for non-sexually transmitted 
infections for which there is a paucity of research, as shown here and elsewhere.51 As such, not 
only is it important to ensure that social network visualization and measures are understood and 
interpreted appropriately, but also, further development and harmonization of methodology to 
statistically evaluate those results in the context of infectious disease epidemiology is critical. 
Optimal statistical methods should account for the lack of independence of infectious disease 
outcomes as well as the oftentimes clustered nature of SNA data. Furthermore, the integration of 
social network methods with molecular and genomic data is a potentially powerful tool to study 
infectious disease epidemiology47,48,52 and, as shown here, provides a framework to identify 
potential transmission events as well as to rule out potential transmission paths that are not 
feasible based on genotype.36,39  
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 This review and the study results have several limitations. First, only 20 studies were 
identified and 15 deemed eligible to be included based on relevance and quality. This is likely 
because the use of SNA to study disease transmission via non-sexual/non-injection drug use 
pathways has only recently become more common. It is also possible that articles were missed 
because use of social network methods were not indicated in the title or abstract so might not 
have been identified during the literature search. However, for that reason, a broad search was 
conducted and ultimately 7,189 articles were screened based on title of which 299 were screened 
based on abstract. Similarly, many studies have used SNA to measure contact patterns but did 
not evaluate patterns in the context of an infection outcome and/or implemented SNA using 
simulation modeling; those studies were identified using the search criteria but excluded from 
the review. Second, several studies had a small number of cases which limited the ability to 
make statistical inferences. However, even in the absence of statistically significant results the 
information gained through the use of SNA was meaningful. Third, the results of SNA are 
context specific and insights are likely to vary based on geographic location, population, 
outcome of interest, and transmission pathways. Therefore, the results may not be generalizable 
and more research is needed to evaluate the results of the reviewed studies in different settings. 
For example, in two of the three outbreaks investigated using SNA by Cook et al.36 (i.e., Contra 
Costa and DeKalb counties) few interconnections could be identified. As the authors noted, the 
large geographic size of the counties and the short amount of time spent conducting the analyses 
(i.e., six months) likely made it difficult to identify transmission dynamics. Finally, 
implementing SNA can be resource intensive, requiring extensive data collection and/or data 
mining. Network methods are still relatively novel in the context of infectious disease 
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epidemiology and expertise and training are needed in order to conduct the studies, analyze the 
data, and interpret the results appropriately. 
 Despite these limitations, this review demonstrated the flexibility and utility of SNA for 
studying non-sexual/non-injection drug use transmission pathways for different infection types 
and in various populations and settings. Furthermore, this review highlighted the need to further 
develop advanced network methods specific to infectious disease epidemiology. To date, 
relatively few studies have used SNA to study non-sexually transmitted infections51 suggesting 
that these approaches are underutilized. However, they provide a significant opportunity for 
informing researchers, public health professionals, and policy makers about structures of 
transmission networks as well as effective interventions based on social connectedness at the 




Figure 2.1. Flow diagram of search strategy and selection process  
 
 
Flow diagram of search strategy and selection process for systematic review of studies that used social 






Table 2.1. Summary of characteristics of 15 articles included in the systematic review 
Characteristic n (%) 
Infection type  
Mycobacterium tuberculosis 6 (40) 
Diarrheal disease1 5 (33) 
Staphylococcus aureus 2 (13) 
Streptococcus pyogenes 1 (7) 
Schistosoma mansoni 1 (7) 
Continent  
North America 8 (53) 
Asia 3 (20) 
Africa 2 (13) 
South America 2 (13) 
Setting  
Community 12 (80) 
Hospital 2 (13) 
Daycare 1 (7) 







Table 2.2. Summary of social network analysis studies of infectious disease transmission in non-sexual/non-injection drug use contact 
networks 









Measure the importance 
of individuals and 









1993 – 1996 
37 cases and 44 places of 
social aggregation in 
Houston, Texas 

















None reported Places of social aggregation played an 
important role in transmission.  
McElroy et 
al. 200332  








1994 – 2001 
19 cases, 26 primary 
contacts, and 471 
secondary contacts in 
Wichita, Kansas  



















None reported Places of social aggregation and crack 
cocaine use played an important role in 
transmission. 
Andre et al., 
200733 
Evaluate the use of SNA 
to prioritize contact 




August 2001 – December 
2002 
38 cases and 1,039 contacts 
in three contiguous 
counties in southwestern 
Oklahoma 

























Contacts prioritized for evaluation were 
identified using centrality measures. 
Prioritized contacts were more likely to 
be TST-positive compared with contacts 
who were not prioritized (OR=7.8; 95% 











Major findings related to the social 
network analyses 
Cook et al., 
200736 
Determine whether the 




importance of places, 
and prioritization of 
contact evaluation 
US and Canada 
February 2004 – August 
2004 
87 cases under the age of 70, 
440 contacts, and 1,056 
places of social aggregation 
in Contra Costa County, 
California, DeKalb County, 
Georgia, and Vancouver, 
Canada 



















In the Vancouver network, including 
places of social aggregation allowed for 
the identification of a single connected 
network. There was a positive association 
between a contact being TST-positive and 
being more densely connected to other 
contacts (p<0.01).  
Gardy et al., 
201139 
Identify key persons, 
places, and behaviors 
that contribute to a 
tuberculosis outbreak 
using SNA and WGS 
Canada 
May 2006 – December 2008 
41 cases in British 
Columbia, Canada 
















None reported A likely source case was identified and 
there was a single heterogeneous social 
network. WGS data allowed for the ruling 
out of putative transmission events. 
Gandhi et al., 
201345 
Investigate nosocomial 








January 2005 – December 
2006 
148 cases from a 
government district 
hospital in Tugela Ferry, 
KwaZulu-Natal 










None reported Multiple generations of transmission 
occurred through a highly connected 
network. 
Bates et al., 
200735 
Examine joint effects of 
social networks and 
geographic community 




July 2003 – May 2005 
2,053 participants over the 
age of 12 years in 9 rural 
villages in Esmeraldas 










Adjusting for spatial index, social 
connectedness (lowest versus highest 
degree communities) was associated with 
the prevalence of diarrheal disease for 
both food sharing (RR=4.9; 95% CI=1.1, 
21.9) and contact (RR=3.4; 95% CI=1.1, 











Major findings related to the social 
network analyses 
Zelner et al., 
201243 
Assess protective effects 
of social network 
connectedness on all 




3,413 participants in18 rural 











Village-level degree was associated with 
reduced prevalence of diarrheal disease 
for both passing time (OR=0.89; 95% 
CI=0.81, 0.98) and important matters 
(OR=0.83; 95% CI=0.72, 0.95) networks. 
Household-level degree was associated 
with reduced prevalence in the important 





Compare roles of the 
local neighborhood and 
social networks on 
cholera transmission  
Bangladesh 
1983 – 2003  
Entire population 
(∼200,000) of Matlab and 








ICDDR, B  
GIS 
Density Moran’s I 
statistics 
 
Clustering of cholera rates across socially 
connected household clusters was 
identified for three years. Clustering of 
yearly change in cholera rates across 
socially connected household clusters was 
identified for one year. 
Emch et al., 
201241 
Evaluate role of social 
networks on cholera 
and shigellosis 
transmission 
accounting for local 
neighborhood 
Bangladesh 
1983 – 2003  
Entire population 
(∼200,000) and 8,873 





















Clustering of cholera rates across socially 
connected household clusters was 
identified for three out of 21 years 
evaluated. Clustering of shigellosis rates 
across socially connected household 
clusters was identified for three of 21 
years evaluated. Similar results were 
found in the spatial effects –spatial 
disturbance models: cholera and 
shigellosis always cluster spatially and 





of local neighborhood 
and maternal-based 
social networks on all 
cause diarrheal disease 
transmission in children 
Bangladesh 
1999 – 2003  
497 household clusters with 
at least one child under the 


















Adjusting for spatial dependence, 
maternal-based kinship networks 
influence diarrheal disease incidence in 











Major findings related to the social 
network analyses 
Villaseñor-





structure and group A 
streptococcus 
prevalence in children 
Mexico 
One week in 
November/October 2001  
72 children aged 3 – 4 years 
in a daycare center in 
Guadalajara 
58% male 













Homophily patterns identified two groups 
of children (those with and without GAS). 
Centrality measures did not differ 
between those with and without GAS. 
Seto et al., 
201242 
Use GPS to infer social 
interactions that might 




Six month period 
37 mothers and 36 preschool 
aged children in Bugoigo, 
Lake Albert 
Median age of mothers = 31 
Median age of children = 3.7 
56% male (children)  









None reported Social interactions might indirectly 
contribute to schistosomiasis transmission 
by increasing exposure.  
 




NICU patients and 
healthcare providers 





June 2002 – December 2007 
2620 neonates in a level III 






















MRSA-negative neonates were more likely 
to become colonized when exposed to a 
MRSA-positive neonate (OR=2.0; 95% 
CI=1.9, 2.2; p<0.001), when MRSA-
positive neonates were siblings (OR=8.8; 
95% CI=5.3, 14.8; p<0.001), and when 
connected to a MRSA-positive neonate 
through a direct nursing connection 
(OR=1.4; 95% CI=1.2, 1.8; p=0.002). 
Normalized group degree centrality 
predicted incident MRSA colonization 
(OR=18.1; 95% CI=3.6, 90.0; p<0.001).  
Gwizdala et 
al., 201138 








2003 – 2005 
485 participants in central 
Brooklyn, New York 
Mean age = 42  
66% male 
Cross-sectional Interview with 










Hard drug (i.e., heroin, crack, or cocaine) 
use within network components was 
associated with S. aureus colonization. 
No clustering of similar strains was 
found, however, overall strain similarity 
for the entire sample was unusually high. 
1Participant information is included if it was reported in the article; for studies of cases and contacts, age and sex are reported for the cases 






Notes: SNA = social network analysis; SNQ = social network questionnaire; TST = tuberculin skin test; WGS = whole genome sequencing; XDR 
= extensively drug resistant; GAS = group A streptococcus; MRSA = methicillin-resistant Staphylococcus aureus; NICU = neonatal intensive care 
unit; ICDDR, B = International Center for Diarrheal Disease Research, Bangladesh; GIS = geographic information system; GPS = global 
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Table A1.1. PRISMA 2009 checklist 
Section/topic  # Checklist item  
Reported 
on page #  
TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  10 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; 
conclusions and implications of key findings; systematic review registration number.  
Reported 
separately 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  11 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  
11 
METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 
provide registration information including registration number.  
N/A 
Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  
12-13 
Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  
12, Table 
A1.2 
Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could 
be repeated.  
Table 
A1.2 
Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  
12-14 
Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  
14 
Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 







Risk of bias in individual 
studies  
12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this 




Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  N/A 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  
14 
Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  
N/A 
Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.  
N/A 
RESULTS  
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  
Figure 2.1 
Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  
Tables 
2.1-2.2 
Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Table 
A1.5 
Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
Table 2.2 
Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  N/A 
Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  N/A 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see 
Item 16]).  
N/A 
DISCUSSION  
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, users, and policy makers).  
21 
Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  
24-25 










Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 







Table A1.2. Literature review database search strategy and terms 




Conducted search by combining Blocks 1 and 2 (below) were using 
“AND” 
Block 1 (combined using “OR”) 
“network adj3 analys*” 
“social network*” 
“transmission network*” 
Block 2 (combined using “OR”) 
“exp Disease Outbreaks/” 
“exp Communicable Diseases/” 
“exp Infectious Disease Transmission/” 
“exp bacterial infections and mycoses/exp virus diseases/ exp     
parasitic diseases” 
“exp bacteria/ or exp viruses/ or exp organism forms/” 
1017 
PubMed Conducted keyword search for only the previous 3 months to identify in-
process or ahead of print articles. 
(network analys* OR social network* OR transmission network*) 
AND (communicable OR infection OR infectious OR infected OR 
infective OR infections OR cross-infect* OR transmission OR bacteria 
OR bacterial OR virus OR viruses OR viral OR parasite OR parasitic 
OR parasites OR outbreak*) AND (human OR humans) 
57 
Scopus Conducted keyword search in article, title, abstract, and keywords of all 
document types in the following subject areas: Medicine, Social Sciences, 
Health Professions, Nursing, Multidisciplinary 
(network analys* OR social network* OR transmission network*) 
AND (communicable OR infection OR infectious OR infected OR 
infective OR infections OR cross-infect* OR transmission OR bacteria 
OR bacterial OR virus OR viruses OR viral OR parasite OR parasitic 
OR parasites OR outbreak*) AND (human OR humans) 
2893 
Web of Science Conducted keyword search of Science Citation Index Expanded and Social 
Sciences Citation Index 
(network analys* OR social network* OR transmission network*) 
AND (communicable OR infect* OR cross-infect* OR transmission 





Conducted keyword search  
(network analys* OR social network* OR transmission network*) 
AND (communicable OR infect* OR cross-infect* OR transmission 
OR bacteria* OR virus* OR viral OR parasit* OR outbreak*) AND 
human* 
181 
POPLINE Conducted keyword search  
(network analys* OR social network* OR transmission network*) 
AND (communicable OR infect* OR cross-infect* OR transmission 





Conducted keyword search  
(network analys* OR social network* OR transmission network*) 
AND (communicable OR infect* OR cross-infect* OR transmission 







Table A1.3. Quality assessment tool 
1. Is the research question clear and adequately substantiated? 
0 = Inadequately described 
1 = Adequately described 
2 = Very clear and well substantiated 
2. Does the study include dates and sources for data collection? 
0 = No 
1 = Yes 
3. Is the description of the study setting adequate? 
0 = No 
1 = Yes 
4. Adequate sample size, where applicable  
0 = No or cannot be determined 
1 = Yes 
Not applicable 
5. Adequate response rate (>60%), where applicable 
0 = No or cannot be determined 
1 = Yes 
Not applicable  
6. Adequate sample selection 
0 = No or cannot be determined 
1 = Yes 
7. Exposure measurement: Does the study clearly describe collection of social network data (i.e., 
sociometric interviews)? 
0 = No description 
1 = Mentioned, little description 
2 = Detailed description 
8. Outcome measurement: Does the study clearly describe the outcome measure? 
0 = No description of case definition 
1 = Self-reported by participant 
2 = Supported by medical records/laboratory findings  
9. Social network analysis 
0 = No social network measures calculated 
1 = Social network measures calculated but not correlated with outcome 
2 = Social network measures calculated and correlated with outcome and/or used to define comparison 
groups 
10. Is the description of findings thorough and are the data presented adequately? 
0 = No 
1 = Adequate 
2 = Very thorough 
11. Are the strengths and limitations adequately considered? 
0 = No 
1 = Yes 
12. Are the study conclusions supported by the results? 
0 = No 
1 = Possibly 





Table A1.4. Quality assessment tools used to develop the criteria used in the current review 
Source: Russell and Gregory for the evaluation of qualitative research studies1 
Are the findings valid? 
1. Is the research question clear and adequately substantiated? 
2. Is the design appropriate for the research question? 
3. Was the method of sampling appropriate for the research question and design? 
4. Were data collected and managed systematically? 
5. Were the data analyzed appropriately? 
What are the findings? 
1. Is the description of findings thorough? 
How can I apply the findings to patient care? 
1. What meaning and relevance does the study have for my practice? 
2. Does the study help me understand the context of my practice? 
3. Does the study enhance my knowledge about my practice? 
4. Were the data analyzed appropriately? 
 
Source: Cunningham et al. for the evaluation of health professional networks2 
Study Design  Criteria 
All study designs Presentation of an appropriate research question, clear details of study design 
and methodology, including dates and sources for data collection, survey 
techniques, description of analysis, data presentation, discussion of results and 
study conclusions. 
Case studies Description of case settings and characteristics, adequate sample size and 
selection, adequate response rates (>60%). 
Ethnographic studies Description of study setting, and methods: observation, interviews, documents 




Description of study setting, and methods used to collect data, adequate size 
and selection of sample so that participants are likely to be representative of 
target population, adequate response rates (>60%). 
Overall ratings Criteria 
+++ All of the above criteria were fulfilled. 
++ Almost all of the above criteria were fulfilled, and those criteria that were not 
fulfilled were thought unlikely to alter the conclusions of the study. 
+ Some of the above criteria were fulfilled, and those criteria that were not 
fulfilled were thought unlikely to alter the conclusions of the study. 
- Few or no criteria were fulfilled, and it was not clear if the conclusions of the 






Source: Newcastle-Ottawa Quality Assessment Scale for assessing observational studies3 
 
 CASE CONTROL STUDIES 
 
Note: A study can be awarded a maximum of one star for each numbered item within the Selection and 
Exposure categories. A maximum of two stars can be given for Comparability. 
 
Selection 
1) Is the case definition adequate? 
a) yes, with independent validation  
b) yes, eg record linkage or based on self reports 
c) no description 
2) Representativeness of the cases 
a) consecutive or obviously representative series of cases   
b) potential for selection biases or not stated 
3) Selection of Controls 
a) community controls  
b) hospital controls 
c) no description 
4) Definition of Controls 
a) no history of disease (endpoint)  
b) no description of source 
Comparability 
1) Comparability of cases and controls on the basis of the design or analysis 
a) study controls for _______________  (Select the most important factor.)   
b) study controls for any additional factor   (This criteria could be modified to indicate specific                   
control for a second important factor.) 
 
Exposure 
1) Ascertainment of exposure 
a) secure record (eg surgical records)  
b) structured interview where blind to case/control status  
c) interview not blinded to case/control status 
d) written self report or medical record only 
e) no description 
2) Same method of ascertainment for cases and controls 
a) yes  
b) no 
3) Non-Response rate 
a) same rate for both groups  
b) non respondents described 







Note: A study can be awarded a maximum of one star for each numbered item within the Selection and 
Outcome categories. A maximum of two stars can be given for Comparability 
 
Selection 
1) Representativeness of the exposed cohort 
a) truly representative of the average _______________ (describe) in the community   
b) somewhat representative of the average ______________ in the community  
c) selected group of users eg nurses, volunteers 
d) no description of the derivation of the cohort 
2) Selection of the non exposed cohort 
a) drawn from the same community as the exposed cohort  
b) drawn from a different source 
c) no description of the derivation of the non exposed cohort  
3) Ascertainment of exposure 
a) secure record (eg surgical records)  
b) structured interview  
c) written self report 
d) no description 
4) Demonstration that outcome of interest was not present at start of study 
a) yes  
b) no 
Comparability 
1) Comparability of cohorts on the basis of the design or analysis 
a) study controls for _____________ (select the most important factor)  
b) study controls for any additional factor   (This criteria could be modified to indicate specific                   
control for a second important factor.)  
Outcome 
1) Assessment of outcome  
a) independent blind assessment   
b) record linkage  
c) self report  
d) no description 
2) Was follow-up long enough for outcomes to occur 
a) yes (select an adequate follow up period for outcome of interest)  
b) no 
3) Adequacy of follow up of cohorts 
a) complete follow up - all subjects accounted for   
b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select an                     
adequate %) follow up, or description provided of those lost)  
c) follow up rate < ____% (select an adequate %) and no description of those lost 



















































1 1 1 NA NA 0 0 2 0 1 0 1 44% 
Klovdahl et al. 
(2001)5 
2 1 1 NA NA 0 1 2 1 2 1 1 75% 
Krause et al. 
(2001)6 
1 1 1 NA NA 0 2 2 0 1 0 1 56% 
Quagliarello et 
al. (2002)7 
2 1 1 0 0 0 2 2 0 1 1 1 61% 
McElroy et al. 
(2003)8 
2 1 1 1 0 1 2 2 0 1 1 1 72% 
Andre et al. 
(2007)9 
2 1 1 1 1 1 2 2 2 1 0 1 83% 
Bates et al. 
(2007)10 
2 1 1 1 1 1 2 1 2 1 1 1 83% 
Cook et al. 
(2007)11 
2 1 1 1 0 0 2 2 2 1 1 1 78% 
Villasenor-
Sierra et al. 
(2007)12 
1 1 1 NA NA 1 2 2 2 2 0 1 81% 
Eames et al. 
(2009)13 
1 1 1 1 0 0 2 2 0 1 0 1 56% 
Jackson et al. 
(2009)14 
1 1 1 NA NA 0 2 1 0 1 1 1 56% 
Gardy et al. 
(2011)15 
1 1 1 NA NA 1 2 2 1 2 0 2 81% 
Geva et al. 
(2011)16 
2 1 1 1 1 1 2 2 2 1 1 2 94% 
Giebultowicz et 
al. (2011)17 
2 1 1 1 1 1 2 2 2 1 0 1 83% 
Gwizdala et al. 
(2011)18 
















































Emch et al. 
(2012)19 
2 1 1 1 1 1 2 2 2 1 1 1 89% 
Seto et al. 
(2012)20 
2 0 1 0 1 1 2 2 1 1 1 1 72% 
Zelner et al. 
(2012)21 
2 1 1 1 1 0 2 1 2 2 0 2 83% 
Gandhi et al. 
(2013)22 
1 1 1 NA NA 1 1 2 1 1 1 2 75% 
Perez-Heydrich 
et al. (2013)23 























Represent distinct network members (e.g., study 
participants, places of social aggregation) 
Ties Represent relationships that link nodes within a network 
Subgroup/subgraph A subset of a network based on certain nodes and their 
ties 
Geodesic The shortest path between two nodes 
Component  Portion of a network in which all nodes are connected, 
directly or indirectly, by at least one tie 
Component size Number of nodes in a given component 
Network density The total number of observed ties divided by the 
maximum number of possible ties 
Network diameter  Quantifies how far apart the farthest two nodes are from 
one another and is the length of the largest geodesic 
between any pair of nodes  
Degree centrality The number of nodes that a given node can encounter 
within one step (i.e., they are directly connected) 
Normalized group degree centrality Number of nodes outside a given subgroup that are 
connected to nodes within the subgroup, normalized by 
dividing the group degree by the number of nodes 
outside the group 
Betweenness centrality The number of pairs of nodes a given node connects that 
would otherwise not be connected 
Closeness centrality How close a node is to all other nodes (directly and 
indirectly) as a function of geodesic distance 
Reach centrality The number of nodes a given node can encounter within 
x steps 
k-plex  A maximal subgraph in which each node is connected to 
at least n - k other nodes, where n = the number of nodes 
in the subgraph 
Assortative mixing/Homophily Tendency for nodes with similar characteristics to be 
connected 
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Chapter 3. The Distribution and Genetic Diversity of Staphylococcus aureus Isolates with 
Increasing Length of Incarceration at Two New York State Maximum-Security Prisons, 
2009 – 2013 
  
Introduction 
 Since its emergence in the mid-1990s, community-associated methicillin-resistant 
Staphylococcus aureus (CA-MRSA) has been an increasing public health problem causing 
morbidity and mortality for individuals who lack traditional MRSA risk factors for hospital-
acquired infection.1,2 Approximately 30% of healthy adults in the United States are 
asymptomatically colonized with S. aureus in the nares and CA-MRSA colonization prevalence 
is estimated to be 0.8 – 1.5%.3,4 Furthermore, it has been shown that individuals who are S. 
aureus colonized are at higher risk of infection, in both healthcare5–8 and community settings.9,10 
The prevalence of CA-MRSA carriage in high-risk populations can greatly exceed that in the 
community. For example, estimates of MRSA colonization in incarcerated populations range 
from 0.8 – 15.8%11–15 and MRSA has been implicated in many outbreaks of infection in jails and 
prisons16–18 due, in part, to crowded living conditions, barriers to hygiene, and variable access to 
medical care.16,19 Also of concern are the numerous opportunities for the spread of S. aureus 
between correctional facilities and communities due to high recidivism rates20–22 and highly 
transient incarcerated populations. 
 Despite the high prevalence of CA-MRSA in correctional facilities, only a limited number 
of studies have investigated S. aureus infection, asymptomatic carriage, and transmission in non-
outbreak settings to better understand why levels of S. aureus remain endemic.12–15,23,24 Those 
studies have primarily identified risk factors for MRSA colonization and infection that are 





skin infection, recent antibiotic use, frequency of showering, and sharing of soap.12,13,24 Two 
potential explanations for high endemic levels of S. aureus colonization and infection in 
correctional settings are (1) the “revolving door” effect wherein S. aureus strains are constantly 
being introduced into jails and prisons as a result of high rates of recidivism20–22 and frequent 
transfers between prison facilities and (2) the “amplification” effect wherein correctional facility-
level factors act to promote the amplification and dissemination of S. aureus within the 
facility.25–27 These explanations are not mutually exclusive and both are supported to some extent 
by existing literature. For example, a mathematical model used to estimate MRSA transmission 
dynamics in the Los Angeles County Jail system26 showed that a high rate of newly arrested 
individuals who were MRSA infected, combined with crowded conditions within the facility, 
could result in a high incidence of MRSA infections in the jail.  
 The introduction of S. aureus into correctional facilities has also been demonstrated. A 
recent study15 showed high combined nasal and oropharyngeal S. aureus colonization prevalence 
among inmates entering one male (58.3%) and one female (50.5%) prison in New York State 
(NYS); furthermore, 5.9% of men and 10.6% of women were colonized with MRSA. The 
prevalence of nasal S. aureus and MRSA colonization was also high among newly arrested men 
in Baltimore, Maryland (40.4% and 15.8%, respectively).13 A study of S. aureus clinical isolates 
from male and female inmates in San Francisco County jails28 demonstrated an increasing 
prevalence of MRSA from 29% to 74% among all S. aureus isolates between 1997 and 2002. 
The increase was largely accounted for by the emergence during that time period of USA300, the 
predominant epidemic community-associated S. aureus clone that currently circulates in the US. 
Additionally, an outbreak investigation of MRSA skin and soft tissue infections in a Mississippi 





factor contributing to the outbreak and, importantly, asymptomatic carriage of MRSA was 
unusually high. However, few studies of S. aureus transmission within jails or prisons have been 
conducted outside of an outbreak setting and, to our knowledge, none have directly evaluated 
transmission as a function of changes in S. aureus genetic diversity over time to further elucidate 
the potential amplification and dissemination of specific strains within a facility.  
 Previous incarceration has been identified as a risk factor for MRSA infection in the 
community27 and evidence suggests that longer length of incarceration increases the risk of S. 
aureus colonization and infection, but the association remains unclear. A case-control study 
conducted during an outbreak investigation in a Mississippi prison17 showed that detainees held 
for longer than two months were more likely to be colonized with MRSA. Another case-control 
study24 found that detainees who had been in a Los Angeles County Jail for at least 30 days were 
more likely to be MRSA carriers and to have an MRSA skin infection, however, these 
associations were not statistically significant in multivariable models. Longer length of 
incarceration was associated with a higher proportion of Panton Valentine leukocidin-positive 
isolates in maximum-security prisons but with a lower proportion of MRSA infections in 
medium-security prisons in NYS.12 Detainees diagnosed with S. aureus skin and soft tissue 
infections at a Chicago jail had longer jail stays than other detainees in the general population.29 
Finally, incarceration for at least six months was a risk factor for S. aureus colonization among 
women, but not men, entering maximum-security prisons in NYS.15  
 The assessment of S. aureus genetic variation has been increasingly used to track 
transmission in hospital and community settings.30–33 These studies are aided by knowledge 
about different S. aureus lineages and predominant clones. For example, as noted above, 





the predominant CA-MRSA clone in the US. Prior to the emergence of USA300, healthcare-
associated MRSA strains (i.e., those that cause infections in healthcare settings) predominated 
and were typically USA100.1 A similar approach classifying genetic similarity of strains, as has 
been done in hospitals and communities, can also be used to assess the contribution of length of 
incarceration to S. aureus transmission by evaluating changes in genetic diversity over time. To 
better understand S. aureus transmission within correctional facilities, we characterized the 
distribution and genetic diversity of S. aureus carriage isolates at two maximum-security prisons 
in NYS and assessed its relationship to length of incarceration.  
 
Materials and Methods 
Sample and Setting 
 As part of a NIH-funded study to evaluate the prevalence of and risk factors for S. aureus 
colonization and infection (NIAID R01AI082536), inmates at one male (Sing Sing Correctional 
Facility) and one female (Bedford Hills Correctional Facility) maximum-security prison were 
invited to participate in at least one of three study phases: upon entry to the facility (“intake”), at 
any point during incarceration (“incarcerated”), or at discharge from the facility to the 
community (“discharge”).  
 The female prison has the capacity to house approximately 900 inmates and is the only 
female maximum-security prison in NYS. It is also the only female prison with a reception 
center and, therefore, all women entering the prison system from jails in NYS are admitted there 
before being transferred to a general confinement facility. The male prison has the capacity to 
house approximately 1800 inmates and is one of 16 male maximum-security prisons in NYS. It 
does not have a reception center and, therefore, men entering the facility typically come from 





informed consent; participation was voluntary and compensation was not provided. This study 
was approved by the Institutional Review Boards at Columbia University Medical Center and the 
NYS Department of Corrections and Community Supervision (NYSDOCCS).  
 Recruitment varied by study phase and facility; however, in all cases inmates were 
invited to speak individually with one of six trained researchers in a private room. During the 
“intake” phase at both facilities, inmates were invited to participate during processing 
immediately upon entering the facility, as previously described.14,15 During the “incarcerated” 
phase, female inmates were called to the facility medical center before being invited to speak 
with a researcher. Male inmates were recruited directly from the school, vocational training, and 
counseling buildings and from the dining hall. During the “discharge” phase, male and female 
inmates were called to the facility medical centers.  
Isolate Collection and Data Sources 
 Inmates who agreed to participate provided written informed consent at which time 
anterior nares and oropharyngeal samples were collected for culture using rayon-tipped swabs 
(Becton Dickinson, Franklin Lakes, NJ). In addition, an interview was conducted via structured 
questionnaire to collect demographic information. For inmates participating in the “incarcerated” 
and “discharge” phases, dates of most recent admission into custody (i.e., entering into the prison 
system from the community or jails) and of transfer to the current facility (i.e., to one of the 
study prisons from jail or a different prison) were provided by the Research and Evaluation 
Department within the NYSDOCCS Division of Program Planning (Albany, NY). Permission to 
obtain this information was included in the informed consent process and written consent form 
during participant recruitment. Using interview dates, length of incarceration in the current 





sentence) were calculated based on transfer dates and prison system admission dates, 
respectively.  
Staphylococcus aureus Molecular Characterization 
 Characterization of S. aureus isolates was carried out as previously described.12,14,15 
Briefly, swab samples were incubated overnight to enrich S. aureus selection, plated onto 
mannitol salt agar (Becton Dickinson), and incubated for 48 hours at 37ºC. Isolates confirmed as 
S. aureus, using the coagulase and protein A detection kit (Murex Staphaurex, Lenexa, KA), 
were characterized by spa typing and compared using Ridom Staph Type software (Ridom 
GmBH). To determine clonal relatedness, spa types were clustered into spa clonal complexes 
(spa-CCs) using the Based Upon Repeat Pattern (BURP) clustering algorithm and default 
parameters.34–36 Spa-CCs are clusters of linked isolates and the founder of each cluster is defined 
as the spa type(s) with the highest founder score within a given cluster; founder score is based on 
costs that account for genetic differences between the different spa types.34,37 BURP analysis was 
conducted using all unique isolate spa types identified in the larger study up to and including the 
cut-off date for the analysis described here. Methicillin-resistant isolates were further 
characterized by staphylococcal cassette chromosome mec (SCCmec) typing using multiplex 
polymerase chain reaction.38   
Statistical Analyses 
 A brief summary of the data structure and how data were used in subsequent analyses 
follows: Analyses were conducted on both the individual inmate and the S. aureus isolate levels. 
Individuals were participating male or female inmates recruited at one of three time points (i.e., 





colonization at two body sites (i.e., nares and oropharynx) and, therefore, could contribute 
between 0 – 2 S. aureus isolates to the analyses of S. aureus distribution and diversity (0 if not 
colonized, 1 if colonized in only the nares or oropharynx, and 2 if colonized in both the nares and 
oropharynx). Collected S. aureus isolates were characterized to determine their susceptibility to 
methicillin (i.e., MRSA versus methicillin-susceptible S. aureus [MSSA]). Isolates were also 
characterized to determine their spa type and their spa-CC (which is based on spa type). 
Analyses conducted at the individual level evaluated the proportion of colonized inmates, 
accounting for body site and methicillin susceptibility. Analyses conducted at the isolate level 
evaluated the distribution and diversity of spa types and spa-CCs among the collected isolates 
that were spa typable, accounting for length of incarceration. Thus, inmates who were not 
colonized did not contribute isolates to the analyses of distribution and diversity.   
 Overall characteristics of inmate colonization and length of incarceration were explored 
using descriptive statistics. Subsequent analyses were conducted at the S. aureus isolate level. 
Student’s t-tests, Wilcoxon Mann-Whitney, χ2, or Fisher’s exact tests were used, as appropriate, 
to evaluate associations between belonging to a particular spa-CC or length of incarceration to 
prison facility, colonization site (i.e., nares or oropharynx), and methicillin susceptibility. 
Proportions of S. aureus isolates belonging to a particular spa-CC were also compared for 
inmates in the “intake” phase versus inmates in the “incarcerated” and “discharge” phases. 
Length of incarceration was categorized into tertiles, which differed for the male and female 
facilities because the distributions of time incarcerated varied by gender. Categories for length of 
incarceration in the current facility were 0-2, 2-12, and >12 months for women and 0-2, 2-6, and 
>6 months for men; categories for length of incarceration since last entering the prison system 





length of incarceration was included in regression models as a continuous variable, it was log-
transformed to approximate a normal distribution. 
 Associations between increasing length of incarceration and colonizing spa-CC were 
evaluated using multinomial logistic regression models with spa-CC as the outcome and included 
S. aureus isolates from inmates in the “incarcerated” and “discharge” phases; spa-CCs with five 
or fewer isolates were excluded from the analyses. Because it was the most frequently identified 
spa-CC and is clinically relevant, CC008 (USA300/USA300-related) was the reference. Lengths 
of incarceration in (a) the current facility only and (b) since last entering the prison system were 
evaluated in separate models and a significance level of 0.05 was set a priori. Potential 
confounding variables, associated with belonging to a particular spa-CC in the descriptive 
analysis (p-value <0.10), were accounted for in the regression analyses via stratification or 
adjustment.  
 Genetic diversity was estimated based on spa type and using Simpson’s index of 
diversity (SID);39 SID is the probability that two randomly chosen S. aureus isolates will have 
different spa types with higher SID indicative of higher genetic diversity in a given sub-
population. Genetic diversity was compared for increasing lengths of incarceration and presented 
with 95% confidence intervals (CI).40 All analyses were conducted using SAS (Version 9.3; SAS 
Institute).   
Secondary Analyses 
 Several secondary analyses were conducted. First, to evaluate the impact of increasing 
length of incarceration on colonization stability within individuals (i.e., colonization with the 
same strain), secondary analyses were conducted to assess the distribution of spa-CCs and spa 





analysis, length of incarceration was defined and categorized based on the amount of time that 
elapsed between interviews. McNemar’s tests were used to estimate whether there were 
significant differences in the proportions of predominant clones at the two interviews. In 
addition, the association between colonization with CC008 at the first interview and colonization 
with any spa-CC at the second interview was evaluated.  Second, because potential associations 
between increasing length of incarceration and colonization with CC008 could be obscured by 
using CC008 as the reference group in the main analyses, those associations were further 
explored using logistic regression models with a dichotomous outcome: CC008 versus all other 
spa-CCs (including those with five or fewer isolates). Third, because SID can be dependent upon 
sample size in highly diverse populations,40 stratified random sampling was conducted and 
genetic diversity was calculated and compared for samples that were the same size.  
 
Results 
 Between January 2009 and September 2013, 3036 interviews were conducted. Of those 
invited to participate in the study, 80.0% of men and 89.0% of women consented to participate in 
the “intake” phase; 93.1% of men and 80.5% of women consented to participate in the 
“incarcerated” phase; and 85.9% of men and 81.5% of women consented to participate in the 
“discharge” phase. For the main analyses described here only the first interview was included 
(n=2792; 232 participants were interviewed more than once) and participants in the 
“incarcerated” or “discharge” phases who were missing length of incarceration data were 
excluded (n=23) for a final sample size of 2769 participants (n=829 at intake; n=1280 while 






Participant colonization and length of incarceration 
 The median length of incarceration in the current facility was 3.1 months (range: <1 to 
182 months) for men and 4.9 months (range: <1 to 337 months) for women. The median length 
of incarceration since inmates last entered the NYS prison system was 32.9 months (range: <1 to 
437 months) for men and 10.4 months (range: <1 to 409 months) for women (Table 3.1). Overall 
prevalence of S. aureus colonization decreased across phases with 59.6%, 45.8%, and 49.3% of 
men and 50.9%, 43.3%, and 41.0% of women in the “intake”, “incarcerated”, and “discharge” 
phases, respectively, S. aureus colonized in the nares and/or oropharynx. A similar trend was 
observed for MRSA colonization with 5.9%, 3.5%, and 3.1% of men and 10.4%, 6.6%, and 9.0% 
of women in the “intake”, “incarcerated”, and “discharge” phases, respectively, MRSA 
colonized in the nares and/or oropharynx. For both prisons and across all phases, except female 
“discharge”, more participants were exclusively colonized in the oropharynx than in the nares. 
Length of incarceration varied across the two prisons but was longer for participants in the 
“incarcerated” phase than in the “discharge” phase (Table 3.1).  
Staphylococcus aureus isolate spa types and spa clonal complexes 
 In all, 1720 S. aureus carriage isolates were collected and evaluated: 762 isolates (44.3%) 
from the nares and 958 isolates (55.7%) from the oropharynx. Two hundred eleven isolates were 
MRSA (12.3%) and most of those were from female participants (67.8%; Table 3.2). Twenty 
isolates (1.2%) were not spa typable; among the remaining 1700 isolates, 380 spa types were 
identified (Table 3.2). Overall, the most common spa types were t008 (10.8%), t002 (6.5%), t922 
(6.3%), t334 (5.1%), t148 (3.7%), and t216 (3.0%), however, the frequency of those spa types 
varied by facility. The remaining 374 spa types were each represented by 2.2% or less of all S. 





remaining 208 isolates, 46 spa types were identified (Table 3.3) and those were most commonly 
t008 (53.6%), t064 (8.5%), and t002 (6.6%). The remaining 43 spa types were each represented 
by less than 2.0% of the MRSA isolates (Table 3.3). BURP analysis was used to cluster all 
unique isolate spa types identified in the larger study (Table A2.1 shows the spa types that 
clustered into each spa-CC). Among the 1700 isolates with spa types used in the current analysis, 
75 were not clustered because they lacked a founder (n=17, representing 12 unique spa types), 
were classified as singletons (i.e., spa types for which no spa-CC was assigned; n=22, 
representing 17 unique spa types), or were excluded because they contained fewer than five 
repeats (n=36, representing 22 unique spa types; Table 3.4). The remaining spa types clustered 
into 14 spa-CCs and the most common were CC008 (23.8%), CC084 (20.1%), and CC002 
(16.9%; Table 3.4). Among only the MRSA isolates, 78.2% were CC008 and 13.7% were 
CC002 (Table A2.2).  
Correlates of spa clonal complex and length of incarceration 
 For collected isolates, the spa-CCs were compared for participants entering the prisons 
(i.e., “intakes”) and those who were already incarcerated (i.e., “incarcerated” and “discharges”) 
and no significant differences were identified (p-value = 0.12; Table A2.3). Therefore, only 
isolates from inmates who were already incarcerated were included in subsequent statistical 
analyses to evaluate associations between length of incarceration and S. aureus genetic diversity. 
Descriptive analysis was used to evaluate associations between an isolate belonging to a 
particular spa-CC with prison facility, colonization site, and methicillin susceptibility; only spa-
CCs represented by more than 5 isolates were included in the analyses (n=1033). There were 
significant differences between colonizing spa-CCs across the two prisons with CC008 or CC012 





be from male participants (p-value <0.0001; Table 3.5). Spa-CC also varied across colonization 
site with CC922 or CC050 isolates more likely to be from the nares and CC084 isolates more 
likely to be from the oropharynx (p-value = 0.0542; Table 3.5). Last, spa-CC varied based on 
methicillin susceptibility with MRSA isolates more likely to be CC008 (p-value <0.0001; Table 
3.5).  
 Correlations between length of incarceration and prison facility, colonization site, and 
methicillin susceptibility were also evaluated (Table 3.6). Isolates collected from participants 
with longer lengths of incarceration in the current facility were more likely to be from women 
while isolates collected from participants with longer lengths of incarceration since last entering 
the NYS prison system were more likely to be from men (both p-values <0.0001; Table 3.6). 
Isolates collected from participants with longer lengths of incarceration (in the current facility 
and since last entering the prison system) were more likely to be MSSA (p-values 0.06 and 
<0.01, respectively; Table 3.6). Finally, length of incarceration was not associated with 
colonization site.  
Increasing length of incarceration and Staphylococcus aureus genetic diversity 
 Multinomial logistic regression was used to evaluate associations between increasing 
length of incarceration and spa-CCs represented by more than 5 isolates. Because some 
participants were colonized exclusively at either the nares or the oropharynx while others were 
colonized at both sites, results are presented overall and stratified by colonization site. To control 
for facility, differences between lengths of incarceration at the two facilities were accounted for 
by categorizing length of incarceration as tertiles that were defined separately for each prison. 
Unadjusted models to evaluate length of incarceration since last entering the prison system 





facility (Table A2.4). No patterns of increasing or decreasing representation by a particular spa-
CC with increasing length of incarceration were detected. Results were similar when length of 
incarceration was evaluated as a continuous measure (Table A2.5), when models were stratified 
to account for methicillin susceptibility (Table A2.6) and/or when models in which length of 
incarceration was evaluated as a continuous measure were adjusted to account for prison facility 
(Table A2.7). However, increasing length of incarceration in the current facility was associated 
with greater representation by CC008 (compared with all other spa-CCs) among just the nasal 
MSSA isolates. Associations were identified when comparing isolates from inmates who had 
been incarcerated for the longest amount of time versus those who had been incarcerated for the 
shortest amount of time (OR = 1.95; 95% CI = 1.03, 3.68; p-value = 0.04) and when evaluating 
length of incarceration in continuous one-month increments, controlling for prison facility (OR = 
1.16; 95% CI = 1.01, 1.34; p-value = 0.04). Similar associations were not identified when MRSA 
isolates were included in the models, when oropharyngeal isolates were evaluated, or when 
assessing increasing length of incarceration since last entering the prison system (data not 
shown).   
 The relative distribution of MSSA predominant clones (i.e., CC008, CC084, and CC002) 
persisted at both prisons when evaluating both length of incarceration since last entering the 
prison system (Figure 3.1A) and length of incarceration at the current facility only (Figure 3.1B). 
Across most time categories, CC012 was more commonly found in the female prison and CC922 
and CC164 were more commonly found in the male prison. Furthermore, the relative abundance 
of CC008 appeared to increase for women, but not men, among participants with the longest 
lengths of incarceration. Overall, however, the relative distribution of most MSSA clones 





could not be evaluated because of the small sample size. Most MRSA isolates at both prisons 
were CC008; however, CC084 and CC922 MRSA isolates were more abundant in the male 
prison than in the female prison (Figure A2.1).  
 Genetic diversity was high (SID >94%) across all time categories and at both prisons. 
However, when comparing the shortest and longest time categories for each group, genetic 
diversity of isolates decreased with longer time incarcerated (Figure 3.1). Although the 95% CIs 
overlapped, the decreases were most pronounced when evaluating length of incarceration since 
last entering the prison system: from 96.8% to 94.2% and from 97.5% to 95.9% among nasal and 
oropharyngeal isolates, respectively, for men and from 98.3% to 96.3% and from 98.3% to 
97.8% among nasal and oropharyngeal isolates, respectively, for women (Figure 3.1). Results 
were similar when SID was calculated using the same sample size for each category of time 
(Figure A2.2). 
Secondary analyses  
 Of the 232 participants who were interviewed more than once, 20 were excluded from the 
secondary analyses because they left the facility and were in the community prior to the second 
interview (final n=212; 95 females [44.8%] and 117 males [55.2%]). The median length of time 
that elapsed between interviews was 6.9 months (range <1 – 45.1 months). Overall, 106 (50.0%) 
and 97 (45.8%) participants were colonized in the nares and/or oropharynx at the first and second 
interviews, respectively. Among participants who were colonized at the first interview, about one 
third (n=35) were no longer colonized at the second interview and 24.5% (n=26) of participants 
who were not colonized at the first interview had become colonized by the second interview 
(Table 3.8). Overall, 13 (6.1%) and 8 (3.8%) participants were colonized with MRSA in the 





 Among 212 participants who were interviewed more than once and included in these 
analyses, 266 S. aureus isolates were collected and evaluated. Six (2.3%) were not spa typable; 
among the remaining 260 isolates, 89 spa types were identified (Table A2.8). Among nasal 
isolates, 44 and 35 spa types were identified for isolates collected at the first interview and 
second interviews, respectively. Among oropharyngeal isolates, 47 and 45 spa types were 
identified for isolates collected at the first and second interviews, respectively. Overall, the most 
common spa types were t008, t002, t922, and t148 (Table A2.8).  Among the 30 participants 
colonized in the nares at both interviews, 20 (60.6%) were colonized with the same spa type at 
both time points. Similarly, among the 39 participants colonized in the oropharynx at both 
interviews, 22 (56.4%) were colonized with the same spa type.   
 Consistent with results using the full sample, predominant S. aureus clones were CC008, 
CC084, and CC002 when evaluating just those participants who were interviewed twice. Overall, 
the relative distribution of clones was similar at the first and second interviews, regardless of 
facility or colonization site (Figure A2.3). However, there was an increase in the relative 
abundance of CC008 when evaluating only participants who were colonized at both interviews 
(Figure 3.2A), and this increase was statistically significant for nasal (p-value = 0.03) isolates, 
but not oropharyngeal. Similarly, when comparing the relative distribution of spa-CCs as a 
function of length of time between interviews (<7 months versus ≥7 months) for all participants 
interviewed twice, there was an increase in the relative abundance of CC008 in the longer time 
category (Figure 3.2B). The increase in relative abundance of CC008 among colonized inmates 
at the second interview did not appear to be driven by CC008 colonization status at the first 
interview; evaluation of all inmates interviewed twice (n=212) showed that CC008 colonization 





interview (data not shown). For all comparisons, spa type diversity was high (SID >96%) and 
did not appear to vary with increasing time between interviews (Figures A2.3 and 3.2).   
Discussion 
 Although there was some evidence for S. aureus transmission within prison facilities, 
based on greater representation of CC008 strains with increasing length of incarceration, the 
overall results of this study support the hypothesis that endemic levels of S. aureus are primarily 
maintained by the constant introduction of clones into prisons. This study was the first to 
comprehensively evaluate the effect of length of incarceration on the molecular epidemiology of 
S. aureus colonization; the approach expanded upon previous findings that longer length of 
incarceration was associated with colonization.12,15,17,24,27,29 To address whether there was 
evidence for S. aureus transmission among those who were colonized, changes in the distribution 
of spa-CCs and spa type genetic diversity with increasing length of incarceration (within just the 
current facility and since last entering the prison system) were evaluated. Reduced genetic 
diversity and/or shifts in the relative abundance of spa-CCs suggest stabilization of S. aureus 
genetic backgrounds and can be indicative of transmission.30,41,42   
 Overall, the proportion of inmates colonized with S. aureus remained stable or declined 
across the study phases. Nonetheless, the prevalence of colonization, which ranged from 41.0% - 
59.6% across all phases at both prisons, exceeded the prevalence of asymptomatic S. aureus 
carriage that is typically estimated for the community (approximately 30%).3,4 MRSA 
colonization remained high throughout the study period (ranging from 3.1% for men being 
released to 10.4% for women upon entry to the facility) and always exceeded what has been 
found in the community.3,4 These findings were supported by results of the secondary analysis in 





colonized at the second interview. Hence, the rate of new colonization did not exceed that of loss 
of colonization. These results were unexpected and inconsistent with previous findings that 
incarceration increases the risk of S. aureus colonization, however, most of those studies were 
conducted in jails24,29 or evaluated individuals who were recently jailed.15,27 Reports of increased 
risks in correctional settings do not typically make distinctions between the different 
environments in jails and prisons. Jails are typically short-term facilities for individuals serving 
sentences of less than one year or who are awaiting trial or sentencing. In contrast, prisons are 
long-term facilities for individuals serving sentences longer than one year.43 It is possible that 
factors that increase the risk of S. aureus infection and colonization in jails, such as crowding, 
barriers to hygiene, and inadequate health care, are less prevalent in prisons. For example, 
inmates comprise a high-risk population for many health conditions prior to incarceration; for 
some individuals, medical care received in prison is superior to that received in the community 
or jail.44,45 Furthermore, the observations that prevalence of colonization decreased from prison 
entry to discharge do not account for length of incarceration and do not rule out that transmission 
was occurring within the facilities and that particular spa-CCs were selected for and amplified 
(i.e., more inmates became colonized with the same strain over time).  
 Based on the main analyses, no patterns of increasing or decreasing representation by a 
particular spa-CC were consistently associated with increasing length of incarceration. It is 
possible that associations could not be identified because different inmates were assessed over 
time (as opposed to following the same inmates longitudinally) and, therefore, potentially 
important molecular and behavioral host factors15,24,46,47 could not be accounted for. It is also 
likely that associations were obscured because CC008 was used as the reference group. 





suggests that CC008 became more frequent for women, but not men, for the longest lengths of 
incarceration (Figure 3.1) and this was supported in the secondary analysis for both men and 
women (Figure 3.2). In the secondary analysis, the same predominant clonal complexes (CC008, 
CC002, and CC084) were identified and the relative frequency of CC008 increased among just 
those inmates who were colonized at both interviews and, overall, for those with the most time 
elapsed between interviews. Furthermore, the results showed that colonization with CC008 at the 
first interview did not drive the observed associations; CC008 strains not only colonized 
previously uncolonized inmates but also replaced other strains. Finally, additional results of 
secondary analyses using the main analysis sample identified an association between increasing 
length of incarceration in the current facility and greater representation by MSSA nasal isolates 
that were CC008. Together, these findings suggest that transmission within both prison facilities 
occurred and, specifically, inmates were more likely to acquire CC008 strains with increasing 
length of incarceration. It does not appear that a single predominant clonal complex was replaced 
by CC008; reductions in CC012, CC084, CC922 and CC002 were noted but varied by 
colonization site (Figure 3.2). These findings are consistent with other studies showing that spa 
type t084 is associated with intermittent carriage48,49 and, overall, are similar to what has been 
found for USA300/USA300-related strains in community settings.50  
 MSSA spa type diversity remained high and, overall, decreased with increasing length of 
incarceration, but the 95% CIs associated with the SID estimates overlapped. Even when the 
analysis was restricted to just inmates who were interviewed twice, diversity was high and did 
not appear to decrease with longer time between interviews. These results were surprising and 
not consistent with observed increases in the relative abundance of CC008, suggesting that spa 





analysis, 14% of all unique spa types (n=58; Table A2.1) were clustered into CC008. To 
determine whether shifts in the abundance of CC008 truly represent transmission, additional 
research using a more granular approach is necessary to evaluate the clonal relatedness of those 
strains. Furthermore, high spa type genetic diversity argues against within facility transmission; 
lack of evidence that S. aureus genetic profiles stabilized with increasing length of incarceration 
further supports the hypothesis that endemic levels of S. aureus are maintained via introduction 
into the prisons. 
 While length of incarceration in the current prison can be used to measure within facility 
transmission, length of incarceration since last entering the prison system also accounts for 
transfers between prisons and the potential introduction of strains from those facilities. In NYS, 
there are over 50,000 prisoners and over 100,000 inmate transfers between prisons each year.51 
The results of the main analyses did not differ when accounting for transfer by evaluating length 
of incarceration both within the current facility as well as since last entering the NYS prison 
system, further supporting that the high prevalence of S. aureus, as well as the high genetic 
diversity of S. aureus isolates, are not functions of time but rather are maintained by the constant 
introduction of clones from jails rather than from other prisons.  
 Interestingly, CC008 and CC012 isolates were more likely to be from female carriers and 
CC922 and CC164 were more likely to be from male carriers. These results are, in part, 
supported by those of Sangvik et al.48 where a significant association between spa type and 
gender was identified in a general population of healthy carriers. Those findings demonstrated 
that male sex was associated with reduced risk of spa type 012 (in CC012) and increased risk of 
spa type 084 (in CC084). While it is likely that the observed differences in spa-CCs among men 





two separate populations were studied and predominant clones within gender specific jails and 
prisons vary. Furthermore, spa type diversity at both facilities was similarly high, despite 
differences in the predominant spa-CCs.  
 While several studies have evaluated the molecular epidemiology of S. aureus by 
evaluating genetic profiles across settings and time,42,52,53 to our knowledge, few have 
incorporated SID to measure genetic diversity. Rolo et al.54 evaluated infection and colonization 
isolates from patients in 16 European countries and found a higher level of genetic diversity 
among MSSA isolates than among MRSA isolates (97.7% [95% CI: 96.6 – 98.9%] and 85.2% 
[95% CI: 78.8 – 91.6%], respectively), when accounting for the presence of ACME and the 
Panton-Valentine leukocidin gene along with spa type.54 Similar to our results, they found that 
differences in the population structure of community-onset versus community-associated MSSA 
isolates, based on multilocus sequence typing, were not detected when evaluating spa type 
genetic diversity.54 Another study of infectious isolates from patients in 26 European countries31 
also identified high levels of spa type genetic diversity among MSSA and MRSA isolates 
(98.5% [95% CI: 98.3 – 98.7%] and 94.0% [95.0% CI: 93.3 – 94.7%], respectively) and that 
MRSA diversity varied between countries. A study of MRSA in 26 nursing homes55 used SID to 
estimate the overall spa type diversity (77% [95% CI: 75 – 78%]) as well as to identify 
significant differences in diversity across nursing homes and factors, such as age and gender, 
associated with that genetic diversity. The same group also assessed MRSA diversity among 
inpatients at 30 hospitals in Orange County, California,56 and found it to be high overall, 72%, 
but heterogeneous between facilities (ranging from 33 – 79%); furthermore, MRSA isolate 
genetic diversity was significantly higher among adult patients than among pediatric patients.57 





diversity between populations. However, when comparing populations that have high spa type 
genetic diversity, as is typically the case with MSSA, SID might not provide additional 
information about differences in population structure. 
 Although several studies have characterized S. aureus isolates from colonized or infected 
individuals in incarcerated populations,11,13,15,24 only two studies have evaluated changes in the S. 
aureus genetic profile over time and both evaluated isolates from inmates in the San Francisco 
County jail system.28,58 Pan et al.28 evaluated the clonal distribution of 158 MRSA clinical 
isolates collected from 1997 to 2002. They identified substantial increases in the prevalence of 
MRSA infection (from 29% to 74%) as well as changes in the distribution of clonal groups; these 
changes were driven by the emergence of USA300/USA300-related strains (which are largely 
the same as those in CC008) as the predominant epidemic community-associated S. aureus clone 
during that time period.28 An analysis of the clonal distribution of 502 MRSA clinical isolates 
collected from 2000 – 2007, showed that by 2005 USA300 had replaced almost all other CA-
MRSA clones.58 Findings described here, that the relative frequency of CC008 strains increased 
over time, are similar but not nearly as striking, and this is likely because the current study was 
conducted many years after the emergence of USA300 and, thus, later in the epidemic. 
 Social interactions have been identified as a contributing factor to S. aureus transmission 
in the community33,59–61 and evidence suggests that social networks may also play a role in 
disease transmission among incarcerated populations,62,63 however, additional research is needed 
to explore how social interactions within correctional facilities impact transmission. 
Furthermore, there is increasing evidence that USA300/USA300-related strains persist in the 
environment64,65 and that environmental contamination with those isolates contributes to 





contaminations with S. aureus in prisons and jails and while USA300/USA300-related strains 
have been detected in those environments,67,68 evidence that contamination was associated with 
S. aureus colonization and/or infection in those settings is lacking.  
 The main limitation of this study, and of others that use cross-sectional data collected at 
one or only a few time points to evaluate disease persistence and transmission, is that it is 
impossible to know when participants became colonized. Because the main analysis did not 
utilize longitudinal data, strain acquisition, loss, and transmission could not be measured directly 
but instead were inferred based on length of incarceration. This might have resulted in the 
inability to detect true changes in S. aureus carriage. While the results of the secondary analyses 
of longitudinal data largely supported those of the main analyses, they also suggest this might 
have been the case. Another limitation is that, since only one time point per person was used to 
assess colonization status for the main analyses, persistent and intermittent carriage could not be 
distinguished and it is likely that intermittent carriers were not identified. In addition, although 
this is the largest molecular epidemiologic study to date of S. aureus in prisons, it was limited by 
small sample size and statistical analyses could not be conducted to evaluate the association 
between length of incarceration and distribution of spa-CCs for just the MRSA isolates. 
However, the results are biologically relevant since the predominant clones identified (i.e., 
CC008 and CC002) are frequently methicillin-resistant and, furthermore, they are important 
since a substantial proportion of skin and soft tissue infections are caused by MSSA and S. 
aureus carriage, either MSSA or MRSA, predisposes individuals to subsequent infection.5–9,69 In 
and of itself, spa typing provides a high degree of discriminatory power but it is reduced when 
BURP analysis is conducted to cluster isolates into spa-CCs,35 as was done in this analysis to 





loss of granularity but also required the assumption that all clones within a particular spa-CC 
shared the same clonal lineage, and it is unlikely that this assumption was met. To address this 
spa type diversity was also assessed using SID. Estimates of SID are influenced by sample size, 
particularly for highly diverse populations,40 however, results were similar when SID was 
calculated for randomly generated samples that were the same size (Figure A2.2). Finally, as 
defined here, length of incarceration did not account for previous incarceration or other potential 
risk factors for S. aureus carriage. However, the main objective of this analysis was to describe 
changes in genetic diversity among carriage isolates rather than to measure the prevalence and 
correlates of colonization. 
 Evaluation of the distribution and genetic diversity of S. aureus strains within 
correctional facilities is important towards understanding factors that contribute to endemic 
levels of S. aureus in this high-risk population. While imprisoned participants with longer 
lengths of incarceration were not at increased risk of S. aureus colonization, increases in the 
relative prevalence of CC008 suggest that some replacement occurred among colonized inmates. 
Overall, however, the findings suggest that the “revolving door” effect contributes to high 
endemic levels of colonization in prisons during non-outbreak periods to a greater extent than the 
“amplification” effect. Additional research is needed to further elucidate exposures that occur in 
the community and/or jails, prior to entering prisons, that may increase the risk of S. aureus 
colonization. Those findings will help to inform the development of targeted intervention and 
prevention strategies in these resource-limited settings. Correctional settings are frequently 
referred to as public health opportunities70,71 because high risk populations can receive screening, 
treatment, and education to positively impact their health and, ultimately, the health of the 





for hepatitis B and C viruses, tuberculosis, and HIV.72 In the context of S. aureus, incarceration 
provides an opportunity to educate inmates about how best to prevent transmission, to screen for 
virulent strains and/or to decolonize when indicated using chlorhexidine, a topical antiseptic, as 
is done in other settings with high prevalence of MRSA.73–78 The methods presented here 
provide a better understanding not only of within-facility transmission dynamics but also of the 
role of correctional facilities as a S. aureus reservoir that could potentially disseminate strains 
into other facilities and the community, particularly in areas with high levels of incarceration, 






Figure 3.1. Relative distribution of spa clonal complexes among methicillin-susceptible 






Relative distribution of spa clonal complexes (spa-CCs) shown separately for nasal and oropharyngeal 
methicillin-susceptible S. aureus carriage isolates from participants at one male and one female 
maximum-security prison in New York State. Distributions are displayed in categories of increasing 
months of incarceration (A) since last entering the prison system (B) and in the current facility only. The 
Other category includes isolates that were not spa typable, were excluded from the BURP analysis, were 
singletons, or that lacked founders. Simpson’s index of diversity (SID) of spa types is shown as black 





Figure 3.2. Relative distribution of spa clonal complexes among Staphylococcus aureus carriage 







Relative distribution of spa clonal complexes (spa-CCs) shown separately for nasal and oropharyngeal S. 
aureus carriage isolates from participants who were interviewed more than once at two maximum-
security prison in New York State. Distributions are shown (A) only participants colonized in the nares or 
oropharynx at both interviews and (B) by categories of increasing length of time between interviews. The 
Other category includes isolates that were not spa typable, were excluded from the BURP analysis, were 
singletons, or that lacked founders. Simpson’s index of diversity (SID) of spa types is shown as black 








Table 3.1. Characteristics of male and female participants  


















S. aureus colonized; n (%)        
Nares only 66 (15.5) 86 (11.9) 28 (9.6) 180 (12.5) 56 (13.9) 78 (14.0) 55 (15.0) 189 (14.2) 
Oropharynx only 110 (25.8) 150 (20.8) 78 (26.7) 338 (23.5) 74 (18.4) 102 (18.3) 54 (14.7) 230 (17.3) 
Nares and oropharynx  78 (18.3) 95 (13.2) 38 (13.0) 211 (14.7) 75 (18.6) 62 (11.1) 42 (11.4) 179 (13.5) 
Overall 254 (59.6) 331 (45.8) 144 (49.3) 729 (50.6) 205 (50.9) 242 (43.4) 151 (41.0) 598 (45.0) 
MRSA colonized; n (%)         
Nares only 10 (2.4) 8 (1.1) 2 (0.7) 20 (1.4) 11 (2.7) 12 (2.2) 11 (3.0) 34 (2.6) 
Oropharynx only 10 (2.4) 14 (1.9) 6 (2.1) 30 (2.1) 14 (3.5) 20 (3.6) 13 (3.5) 47 (3.5) 
Nares and Oropharynx  5 (1.2) 3 (0.4) 1 (0.3) 9 (0.6) 17 (4.2) 5 (0.9) 9 (2.5) 31 (2.3) 
Overall 25 (5.9) 25 (3.5) 9 (3.1) 59 (4.1) 42 (10.4) 37 (6.6) 33 (9.0) 112 (8.4) 
Length of incarceration in months; median (IQR)       
Current facility only NA 4.6 (28.4) 2.7 (1.6) 3.1 (16.9) NA 9.5 (39.8) 1.9 (4.4) 4.9 (16.8) 
Since last entering the 
prison system 
NA 39.6 (94.4) 23.6 (36.2) 32.9 (73.9) NA 15.0 (55.9) 3.7 (14.4) 10.4 (37.5) 
Notes: Intake = participants interviewed upon entry to the facility; Incarcerated = participants interviewed at any point during incarceration; 
Discharge = participants interviewed prior to discharge from the facility to the community; MRSA = methicillin-resistant Staphylococcus aureus; 






Table 3.2. Characteristics and frequency of spa types among all Staphylococcus aureus carriage 
isolates  






All        
(n=1720) 
Characteristic    
Nasal 393 (41.7) 369 (47.4) 762 (44.3) 
Oropharyngeal 549 (58.3) 409 (52.6) 958 (55.7) 
MRSA  68 (7.2) 143 (18.4) 211 (12.3) 
spa type    
t008 82 (8.7) 104 (13.4) 186 (10.8) 
t002 69 (7.3) 43 (5.5) 112 (6.5) 
t922 82 (8.7) 26 (3.3) 108 (6.3) 
t334 40 (4.3) 47 (6.0) 87 (5.1) 
t148 39 (4.1) 24 (3.1) 63 (3.7) 
t216 27 (2.9) 24 (3.1) 51 (3.0) 
t189 24 (2.6) 14 (1.8) 38 (2.2) 
t084 12 (1.3) 22 (2.8) 34 (2.0) 
t164 29 (3.1) 5 (0.6) 34 (2.0) 
t688 17 (1.8) 16 (2.1) 33 (1.9) 
t359 13 (1.4) 18 (2.3) 31 (1.8) 
t571 15 (1.6) 15 (1.9) 30 (1.7) 
t064 6 (0.6) 18 (2.3) 24 (1.4) 
t548 12 (1.3) 11 (1.4) 23 (1.3) 
t127 17 (1.8) 4 (0.5) 21 (1.2) 
t338 13 (1.4) 8 (1.0) 21 (1.2) 
t012 5 (0.5) 14 (1.8) 19 (1.1) 
t065 11 (1.2) 7 (0.9) 18 (1.1) 
t015 10 (1.1) 7 (0.9) 17 (1.0) 
Not typable 12 (1.3) 8 (1.0) 20 (1.2) 
Other spa types1 433 (46.0) 371 (47.7) 804 (46.7) 
1Includes 361 additional spa types, each with ≤15 isolates  





Table 3.3. Frequency of spa types among methicillin-resistant Staphylococcus aureus carriage 
isolates  
spa type 
No. of isolates 
(%) 
t008 113 (53.6) 
t064 18 (8.5) 
t002 14 (6.6) 
t334 4 (1.9) 
t548 4 (1.9) 
t088 3 (1.4) 
t1774 3 (1.4) 
Not typable 3 (1.4) 
Other spa types1 49 (23.6) 
Total 211 
1Includes 39 additional spa types, each with ≤2 isolates  





Table 3.4. Frequency of spa clonal complexes among all Staphylococcus aureus carriage isolates  






All        
(n=1720) 
No. of unique 
spa types  
CC008 186 (19.8) 224 (28.8) 410 (23.8) 54 
CC084 197 (20.9) 149 (19.2) 346 (20.1) 86 
CC002 161 (17.1) 130 (16.7) 291 (16.9) 59 
CC922 108 (11.5) 32 (4.1) 140 (8.1) 10 
CC050 65 (6.9) 41 (5.3) 106 (6.2) 30 
CC012 39 (4.1) 62 (8.0) 101 (5.9) 30 
CC216 38 (4.0) 33 (4.2) 71 (4.1) 10 
CC065 27 (2.9) 28 (3.6) 55 (3.2) 20 
CC164 43 (4.6) 9 (1.2) 52 (3.0) 8 
CC561 14 (1.5) 7 (0.9) 21 (1.2) 7 
CC056/2645 7 (0.7) 2 (0.3) 9 (0.5) 5 
CC091 5 (0.5) 3 (0.4) 8 (0.5) 3 
CC6208 2 (0.2) 6 (0.8) 8 (0.5) 3 
CC005/790 5 (0.5) 2 (0.3) 7 (0.4) 4 
No founder 5 (0.5) 12 (1.5) 17 (1.0) 12 
Singleton 12 (1.3) 10 (1.3) 22 (1.3) 17 
Excluded 16 (1.7) 20 (2.6) 36 (2.1) 22 
Not typable 12 (1.3) 8 (1.0) 20 (1.2) NA 







Table 3.5. Correlates of spa clonal complex among Staphylococcus aureus carriage isolates  
 spa-CC   
Characteristic CC008 CC084 CC002 CC922 CC050 CC012 CC216 CC065 CC164 CC561 All p-value 
Facility; n (%)            <0.0001 
Male Prison 116 (20.1) 129 (22.4) 106 (18.4) 81 (14.1) 36 (6.3) 24 (4.2) 26 (4.5) 18 (3.1) 30 (5.2) 10 (1.7) 576  
Female Prison 152 (33.3) 87 (19.0) 80 (17.5) 26 (5.7) 29 (6.4) 40 (8.8) 20 (4.4) 15 (3.3) 4 (0.9) 4 (0.9) 457  
Colonization Site; n (%)           0.0542 
Nares  125 (27.6) 80 (17.7) 73 (16.1) 55 (12.14) 36 (8.0) 32 (7.1) 23 (5.1) 13 (2.9) 11 (2.4) 5 (1.1) 453  
Oropharynx 143 (24.7) 136 (23.5) 113 (19.5) 52 (9.0) 29 (5.0) 32 (5.5) 23 (4.0) 20 (3.5) 23 (4.0) 9 (1.6) 580  
Methicillin susceptibility; n (%)          <0.0001 
MSSA 165 (18.13) 213 (23.4) 173 (19.0) 104 (11.4) 65 (7.1) 63 (6.9) 46 (5.1) 33 (3.6) 34 (3.7) 14 (1.5) 910  
MRSA 102 (84.3) 2 (1.7) 13 (10.7) 3 (2.5) 0 1 (0.8) 0 0 0 0 121  
 Notes: Includes only isolates from currently incarcerated participants (n=1033), and not those newly entering the prison facilities; spa clonal 





Table 3.6. Correlates of length of incarceration among Staphylococcus aureus carriage isolates  
  Length of incarceration (months) 
Characteristic 
n 
Current facility only 
(mean) 




Facility   <0.0001  <0.0001 
Male Prison 582 14.5  53.4  
Female Prison 466 23.9  35.4  
Colonization Site   0.6957  0.96 
Nares  462 18.7  48.3  
Oropharynx 586 18.6  43.1  
Methicillin susceptibility  0.0641  0.0014 
MSSA 925 18.9  47.0  
MRSA 121 17.3  32.2  
1p-values were estimated using Wilcoxon Mann-Whitney tests 
Notes: Includes only isolates from currently incarcerated participants, and not those newly entering the 





Table 3.7. Association between length of incarceration since last entering the prison system and 
colonizing spa clonal complex 
  
Overall                
(n=1036) 







OR (95% CI) OR (95% CI) OR (95% CI) 
CC084 1st tertile Reference Reference Reference 
 2nd tertile 1.1 (0.7, 1.7) 0.9 (0.4, 1.7) 1.3 (0.7, 2.3) 
 3rd tertile 1.3 (0.8, 2.0) 1.1 (0.5, 2.1) 1.5 (0.9, 2.8) 
CC002 1st tertile Reference Reference Reference 
 2nd tertile 0.9 (0.6, 1.5) 1.2 (0.6, 2.4) 0.8 (0.5, 1.5) 
 3rd tertile 1.3 (0.9, 2.1) 1.5 (0.8, 3.1) 1.3 (0.7, 2.3) 
CC922 1st tertile Reference Reference Reference 
 2nd tertile 1.3 (0.8, 2.3) 1.2 (0.5, 2.8) 1.4 (0.7, 2.9) 
 3rd tertile 1.5 (0.9, 2.7) 2.0 (0.9, 4.3) 1.1 (0.5, 2.5) 
CC050 1st tertile Reference Reference Reference 
 2nd tertile 0.8 (0.4, 1.6) 0.7 (0.3, 1.8) 1.0 (0.4, 2.6) 
 3rd tertile 0.9 (0.5, 1.8) 0.9 (0.4, 2.1) 1.0 (0.4, 2.6) 
CC012 1st tertile Reference Reference Reference 
 2nd tertile 1.4 (0.7, 2.5) 1.6 (0.7, 4.0) 1.1 (0.5, 2.7) 
 3rd tertile 0.8 (0.4, 1.7) 0.8 (0.3, 2.2) 0.9 (0.3, 2.4) 
CC216 1st tertile Reference Reference Reference 
 2nd tertile 1.3 (0.6, 2.8) 1.4 (0.5, 4.0) 1.3 (0.5, 3.5) 
 3rd tertile 1.1 (0.5, 2.4) 1.1 (0.4, 3.4) 1.0 (0.3, 3.1) 
CC065 1st tertile Reference Reference Reference 
 2nd tertile 0.8 (0.3, 2.1) 0.5 (0.1, 3.1) 1.0 (0.3, 3.1) 
 3rd tertile 1.6 (0.7, 3.6) 1.9 (0.5, 7.1) 1.3 (0.4, 4.1) 
CC164 1st tertile Reference Reference Reference 
 2nd tertile 4.6 (1.7, 12.8) 3.2 (0.6, 16.9) 5.6 (1.5, 20.5) 
 3rd tertile 2.0 (0.6, 6.2) 1.7 (0.3, 10.4) 2.2 (0.5, 9.9) 
CC561 1st tertile Reference Reference Reference 
 2nd tertile 1.5 (0.5, 5.0) 0.7 (0.1, 4.5) 2.8 (0.5, 15.1) 
 3rd tertile 0.5 (0.1, 2.6) - 1.3 (0.2, 9.9) 
1Reference is CC008 
2Reference is 1st tertile; 1st tertile = <14 months for men and <5 months for women, 2nd tertile = 14-53 
months for men and 5-27 months at for women, 3rd tertile = >53 months for men and >27 months for 
women 





Table 3.8. Staphylococcus aureus colonization of the nares and/or oropharynx across two time 
points among male and female inmates  





Colonized at first 
interview only 
n (%) 
Colonized at second 
interview only 
n (%) 
Not colonized at 
both interview 
n (%) 
Nares and/or Oropharynx 71 (33.5) 35 (16.5) 26 (12.3) 80 (37.7) 
Nares only 33 (15.6) 36 (17.0) 21 (9.9) 122 (57.6) 
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Appendix 2  
Table A2.1. Spa types clustered into spa clonal complexes using Based Upon Repeat Pattern 
analysis 
spa-CC spa types (n = 409) 
No. of spa 
types (%) 
CC084 
t084, t085, t094, t126, t131, t144, t148, t186, t189, t193, t209, t224, t228, t254, t267, 
t324, t335, t346, t359, t393, t491, t521, t537, t547, t629, t690, t692, t774, t803, t901, 
t1234, t1346, t1368, t1419, t1492, t1579, t1814, t1839, t1858, t1875, t2119, t2174, 
t2253, t2461, t2473, t2556, t2765, t2801, t2802, t2883, t2994, t3092, t3169, t3380, 
t3698, t4100, t4103, t4454, t5594, t5595, t6047, t6155, t6226, t6302, t6378, t6509, 
t6544, t6673, t6684, t6906, t6911, t6912, t7033, t7034, t7197, t7200, t7201, t7379, 
t8517, t8529, t8578, t8597, t8607, t8608, t8789, t9213, t9214, t9525, t9526, t10241, 
t10540, t10541, t12817 
93 (22.8) 
CC002 
t002, t003, t010, t045, t062, t067, t071, t088, t105, t106, t179, t212, t214, t242, t264, 
t306, t450, t509, t539, t548, t601, t640, t653, t688, t854, t936, t1062, t1107, t1154, 
t1265, t1303, t1305, t1393, t1473, t1531, t2051, t2066, t2069, t2167, t2666, t3230, 
t3234, t3469, t3524, t5081, t5349, t5686, t6045, t6273, t6379, t7030, t7348, t7495, 
t7536, t7600, t8461, t8643, t8790, t9354, t9710, t10062, t10422, t11169 
63 (15.4) 
CC008 
t008, t024, t051, t064, t068, t121, t190, t197, t207, t211, t304, t334, t400, t451, t530, 
t574, t596, t622, t648, t681, t689, t701, t711, t723, t844, t955, t1131, t1171, t1578, 
t1610, t1617, t1635, t1705, t1774, t1882, t1892, t2032, t2293, t2360, t2648, t2792, 
t2849, t2866, t4403, t5160, t5268, t5301, t6207, t6227, t6340, t6380, t6585, t7714, 
t8645, t8840, t9212, t9523, t9860 
58 (14.2) 
CC050 t015, t034, t050, t073, t095, t230, t295, t333, t510, t550, t571, t630, t722, t728, t737, 
t772, t861, t1081, t1451, t1510, t2334, t2714, t3219, t4428, t4460, t5032, t6087, t6440, 
t6587, t6864, t6910, t10397 
32 (7.8) 
CC012 t012, t017, t018, t019, t021, t046, t096, t122, t138, t253, t276, t338, t342, t363, t399, 
t707, t743, t1202, t1239, t1515, t1577, t1654, t1675, t2271, t2868, t3732, t6209, t6584, 
t8707, t12643, t12819 
31 (7.6) 
CC065 t004, t040, t065, t266, t350, t370, t371, t644, t715, t880, t1248, t1402, t2275, t2848, 
t3031, t5701, t5878, t6301, t8513, t8525, t8598, t8600, t12641 
23 (5.6) 
CC922 t127, t128, t174, t922, t4162, t5469, t6866, t8599, t8644, t8791, t10638 11 (2.7) 
CC216 t163, t216, t316, t437, t444, t1307, t2930, t3385, t5731, t6672 10 (2.4) 
CC164 t164, t731, t1046, t2094, t3277, t6381, t7484, t9651, t12636, t12642 10 (2.4) 
CC561 t160, t213, t561, t2133, t3473, t7381, t9711 7 (1.7) 
CC056/2645 t056, t078, t2645, t4101, t10242 5 (1.2) 
CC091 t091, t1685, t2932, t6086 4 (<1.0) 
CC005/790 t005, t223, t790, t7199 4 (<1.0) 
CC6208 t6206, t6208, t8298 3 (<1.0)  
No founder t3791, t6865;  t5797, t12816;  t741, t1596;  t937, t7535;  t185, t6510;  t2579, t3382 12 (2.9) 
Singletons t375, t903, t1077, t1439, t1485, t1835, t4028, t5057, t5993, t6077, t6210, t6211, t6270, 
t6465, t6671, t6840, t7380, t8534, t10639 
19 (4.6) 
Excluded t026, t111, t132, t282, t386, t390, t535, t586, t779, t1178, t1200, t1252, t1509, t1939, 






Note: A greater number of unique spa types were included in the BURP analysis (n=409) than 





Table A2.2. Frequency of spa clonal complexes among all methicillin-resistant Staphylococcus 
aureus carriage isolates  
spa-CC 
No. of isolates 
(%) 
CC008 165 (78.2) 
CC084 5 (2.4) 
CC002 29 (13.7) 
CC922 4 (1.9) 
CC050 1 (0.5) 
CC012 1 (0.5) 
CC216 1 (0.5) 
CC164 1 (0.5) 
Excluded 1 (0.5) 







Table A2.3. Frequency of spa clonal complexes among participants entering versus already 
incarcerated  







CC008 142 (24.6) 268 (25.6) 
CC084 130 (22.5) 216 (20.6) 
CC002 105 (18.2) 186 (17.8) 
CC922 33 (5.7) 107 (10.2) 
CC050 41 (7.1) 65 (6.2) 
CC012 37 (6.4) 64 (6.1) 
CC216 25 (4.3) 46 (4.4) 
CC065 22 (3.8) 33 (3.2) 
CC164 18 (3.1) 34 (3.2) 
CC561 7 (1.2) 14 (1.3) 
CC056/2645 7 (1.2) 2 (0.2) 
CC091 3 (0.5) 5 (0.5) 
CC6208 3 (0.5) 5 (0.5) 






Table A2.4. Association between length of incarceration in current facility only and colonizing 
spa clonal complex  
  
Overall                  
(n=1033) 







OR (95% CI) OR (95% CI) OR (95% CI) 
CC084 1st tertile Reference Reference Reference 
 2nd tertile 0.9 (0.6, 1.5) 1.0 (0.5, 2.0) 0.9 (0.5, 1.6) 
 3rd tertile 0.9 (0.6, 1.4) 0.9 (0.5, 1.8) 0.9 (0.5, 1.6) 
CC002 1st tertile Reference Reference Reference 
 2nd tertile 1.1 (0.7, 1.7) 1.0 (0.5, 2.0) 1.2 (0.6, 2.2) 
 3rd tertile 1.0 (0.6, 1.5) 1.0 (0.5, 2.1) 0.9 (0.5, 1.7) 
CC922 1st tertile Reference Reference Reference 
 2nd tertile 1.3 (0.7, 2.2) 0.8 (0.4, 1.8) 2.0 (0.9, 4.6) 
 3rd tertile 0.9 (0.5, 1.5) 0.6 (0.3, 1.3) 1.4 (0.6, 3.1) 
CC050 1st tertile Reference Reference Reference 
 2nd tertile 0.7 (0.3, 1.3) 0.8 (0.3, 1.9) 0.5 (0.2, 1.5) 
 3rd tertile 0.9 (0.5, 1.8) 0.8 (0.3, 1.9) 1.1 (0.5, 2.8) 
CC012 1st tertile Reference Reference Reference 
 2nd tertile 1.0 (0.5, 1.9) 0.9 (0.4, 2.3) 1.1 (0.4, 2.7) 
 3rd tertile 0.7 (0.4, 1.4) 0.6 (0.2, 1.5) 0.9 (0.3, 2.2) 
CC216 1st tertile Reference Reference Reference 
 2nd tertile 1.1 (0.5, 2.3) 0.8 (0.3, 2.3) 1.4 (0.5, 4.4) 
 3rd tertile 0.9 (0.4, 2.0) 0.6 (0.2, 1.7) 1.4 (0.5, 4.4) 
CC065 1st tertile Reference Reference Reference 
 2nd tertile 1.2 (0.5, 3.1) 1.1 (0.3, 4.5) 1.3 (0.4, 4.5) 
 3rd tertile 1.3 (0.5, 3.2) 0.8 (0.2, 3.6) 1.7 (0.5, 5.5) 
CC164 1st tertile Reference Reference Reference 
 2nd tertile 2.0 (0.7, 5.5) 1.8 (0.3, 10.4) 2.1 (0.6, 7.6) 
 3rd tertile 2.4 (0.9, 6.4) 2.1 (0.4, 11.5) 2.6 (0.8, 8.9) 
CC561 1st tertile Reference Reference Reference 
 2nd tertile 1.2 (0.4, 3.6) 0.2 (0.0, 2.1) 3.2 (0.6, 16.7) 
 3rd tertile 0.2 (0.0, 1.3) - 0.5 (0.0, 5.5) 
1Reference is CC008 
2Reference is 1st tertile; 1st tertile = <2 months, 2nd tertile = 2-6 months for men and 2-12 months for 







Table A2.5. Association between length of incarceration and colonizing spa clonal complex with length of incarceration modeled 
continuously 
 Length of incarceration 
 Since last entering the prison system In current facility only 
 












spa-CC1 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
CC084 1.1 (1.0, 1.3) 1.1 (0.9, 1.2) 1.2 (1.0, 1.4) 1.0 (0.9, 1.1) 0.9 (0.8, 1.1) 1.0 (0.9, 1.2) 
CC002 1.1 (1.0, 1.2) 1.1 (0.9, 1.3) 1.1 (0.9, 1.3) 1.0 (0.9, 1.1) 1.0 (0.8, 1.2) 1.0 (0.9, 1.1) 
CC922 1.2 (1.1, 1.4) 1.3 (1.0, 1.5) 1.2 (0.9, 1.4) 0.9 (0.8, 1.1) 0.9 (0.7, 1.1) 1.0 (0.8, 1.2) 
CC050 1.0 (0.8, 1.2) 1.0 (0.8, 1.2) 1.0 (0.8, 1.3) 0.9 (0.8, 1.1) 0.9 (0.7, 1.1) 1.0 (0.8, 1.2) 
CC012 1.0 (0.8, 1.1) 0.9 (0.7, 1.1) 1.0 (0.8, 1.3) 0.9 (0.8, 1.1) 0.8 (0.7, 1.1) 1.0 (0.8, 1.2) 
CC216 1.1 (0.9, 1.3) 1.1 (0.8, 1.4) 1.1 (0.9, 1.5) 1.0 (0.8, 1.2) 0.9 (0.7, 1.2) 1.0 (0.8, 1.3) 
CC065 1.2 (0.9, 1.5) 1.2 (0.8, 1.7) 1.2 (0.9, 1.6) 1.1 (0.9, 1.3) 1.0 (0.7, 1.4) 1.2 (0.9, 1.5) 
CC164 1.3 (1.1, 1.7) 1.3 (0.9, 1.9) 1.4 (1.0, 1.9) 1.1 (0.9, 1.3) 1.1 (0.8, 1.6) 1.1 (0.9, 1.4) 
CC561 1.0 (0.7, 1.3) 0.6 (0.3, 1.1) 1.3 (0.8, 2.0) 0.8 (0.6, 1.1) 0.5 (0.2, 1.0) 1.0 (0.7, 1.5) 
1Reference is CC008 





Table A2.6. Association between length of incarceration and colonizing methicillin-susceptible 
Staphylococcus aureus spa clonal complex 
 Length of incarceration 
  Since last entering the prison system In current facility only 
  











OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
CC084 1st tertile Reference Reference Reference Reference 
 2nd tertile 0.6 (0.3, 1.2) 1.2 (0.6, 2.4) 0.7 (0.3, 1.6) 1.0 (0.5, 1.9) 
 3rd tertile 0.7 (0.3, 1.6) 1.2 (0.6, 2.3) 0.6 (0.3, 1.3) 0.7 (0.4, 1.4) 
CC002 1st tertile Reference Reference Reference Reference 
 2nd tertile 0.7 (0.3, 1.7) 0.9 (0.4, 1.8) 0.7 (0.3, 1.6) 1.5 (0.8, 3.2) 
 3rd tertile 1.0 (0.5, 2.3) 1.0 (0.5, 2.0) 0.7 (0.3, 1.6) 0.8 (0.4, 1.6) 
CC922 1st tertile Reference Reference Reference Reference 
 2nd tertile 0.9 (0.3, 2.2) 1.3 (0.6, 2.9) 0.6 (0.3, 1.5) 2.1 (0.9, 5.2) 
 3rd tertile 1.4 (0.6, 3.5) 0.9 (0.4, 2.1) 0.4 (0.2, 1.1) 1.1 (0.5, 2.8) 
CC050 1st tertile Reference Reference Reference Reference 
 2nd tertile 0.5 (0.2, 1.2) 1.0 (0.4, 2.6) 0.5 (0.2, 1.5) 0.5 (0.2, 1.7) 
 3rd tertile 0.6 (0.2, 1.6) 0.8 (0.3, 2.2) 0.5 (0.2, 1.4) 0.9 (0.4, 2.4) 
CC012 1st tertile Reference Reference Reference Reference 
 2nd tertile 1.1 (0.4, 2.8) 1.1 (0.4, 2.8) 0.6 (0.2, 1.6) 1.2 (0.4, 3.2) 
 3rd tertile 0.5 (0.1, 1.5) 0.7 (0.3, 2.0) 0.4 (0.1, 1.1) 0.7 (0.3, 2.0) 
CC216 1st tertile Reference Reference Reference Reference 
 2nd tertile 0.9 (0.3, 2.8) 1.2 (0.4, 3.5) 0.6 (0.2, 1.8) 1.6 (0.5, 5.1) 
 3rd tertile 0.8 (0.2, 2.6) 0.8 (0.2, 2.6) 0.4 (0.1, 1.2) 1.2 (0.4, 3.8) 
CC065 1st tertile Reference Reference Reference Reference 
 2nd tertile 0.4 (0.1, 2.1) 0.9 (0.3, 3.0) 0.8 (0.2, 3.4) 1.4 (0.4, 5.2) 
 3rd tertile 1.4 (0.4, 5.3) 1.1 (0.3, 3.4) 0.6 (0.1, 2.5) 1.4 (0.4, 4.8) 
CC164 1st tertile Reference Reference Reference Reference 
 2nd tertile 2.1 (0.4, 11.4) 5.3 (1.4, 20.4) 1.3 (0.2, 7.8) 2.3 (0.6, 8.7) 
 3rd tertile 1.2 (0.2, 7.6) 1.8 (0.4, 8.1) 1.4 (0.2, 8.0) 2.2 (0.6, 7.7) 
CC561 1st tertile Reference Reference Reference Reference 
 2nd tertile 0.5 (0.1, 3.0) 2.7 (0.5, 14.9) 0.2 (0.0, 1.6) 3.5 (0.6, 19.0) 
 3rd tertile - 1.1 (0.1, 8.1) - 0.4 (0.0, 4.6) 
1Reference is CC008 
2Reference is 1st tertile; for length of incarceration since last entering the prison system:1st tertile = <14 
months for men and <5 months for women, 2nd tertile = 14-53 months for men and 5-27 months at for 





current facility only: 1st tertile = <2 months, 2nd tertile = 2-6 months for men and 2-12 months for women, 
3rd tertile = >6 months for men and >12 months for women 





Table A2.7. Association between length of incarceration and colonizing methicillin-susceptible 
Staphylococcus aureus spa clonal complex with length of incarceration modeled continuously 
and adjusted for location 
 Length of incarceration 
 Since last entering the prison system In current facility only 
 








spa-CC OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
CC084 0.9 (0.7, 1.1) 1.1 (0.9, 1.3) 0.9 (0.7, 1.1) 1.0 (0.8, 1.1) 
CC002 1.0 (0.8, 1.2) 1.0 (0.8, 1.2) 0.9 (0.8, 1.1) 0.9 (0.8, 1.1) 
CC922 1.1 (0.8, 1.3) 1.0 (0.8, 1.3) 0.9 (0.7, 1.1) 1.0 (0.8, 1.2) 
CC050 0.8 (0.7, 1.1) 0.9 (0.7, 1.2) 0.8 (0.7, 1.1) 0.9 (0.7, 1.2) 
CC012 0.8 (0.6, 1.1) 1.0 (0.7, 1.2) 0.7 (0.6, 1.0) 0.9 (0.7, 1.1) 
CC216 0.9 (0.7, 1.3) 1.0 (0.8, 1.4) 0.8 (0.6, 1.1) 1.0 (0.8, 1.3) 
CC065 1.1 (0.7, 1.5) 1.1 (0.8, 1.5) 0.9 (0.6, 1.3) 1.1 (0.8, 1.5) 
CC164 1.0 (0.7, 1.5) 1.2 (0.9, 1.7) 1.1 (0.8, 1.6) 1.1 (0.9, 1.5) 
CC561 0.5 (0.3, 0.9) 1.1 (0.7, 1.8) 0.5 (0.2, 1.0) 0.9 (0.6, 1.4) 
 
1Reference is CC008 





Table A2.8. Frequency of spa types among Staphylococcus aureus carriage isolates from 212 
participants interviewed more than once  
 No. of isolates (%) 










t008  9 (13.0) 5 (9.3) 9 (12.0) 8 (11.8) 
t002  3 (4.4) 2 (3.7) 3 (4.0) 4 (5.9) 
t922  4 (5.8) 2 (3.7) 6 (8.0) 4 (5.9) 
t148  2 (2.9) 4 (7.4) 2 (2.7) 4 (5.9) 
t216  3 (4.4) 1 (1.9) 4 (5.3) 2 (2.9) 
t189  0 2 (3.7) 2 (2.7) 3 (4.4) 
t688  2 (2.9) 0 3 (4.0) 2 (2.9) 
t359  2 (2.9) 3 (5.6) 1 (1.3) 1 (1.5) 
t571  3 (4.4) 0 0 0 
t064  0 3 (5.6) 0 1 (1.5) 
t065  1 (1.5) 0 3 (4.0) 0 
Not typable 1 (1.5) 2 (3.7) 1 (1.3) 2 (2.9) 
Other spa types1 39 (56.5) 30 (55.6) 41 (54.7) 37 (54.4) 





Figure A2.1. Relative distribution of spa clonal complexes among methicillin-resistant 
Staphylococcus aureus carriage isolates 
 
 
Relative distribution of spa clonal complexes (spa-CCs) shown separately for nasal and oropharyngeal 
methicillin-resistant S. aureus carriage isolates from participants at one male and one female maximum-
security prison in New York State. The Other category includes isolates that were not spa typable, were 
excluded from the BURP analysis, were singletons, or that lacked founders. Simpson’s index of diversity 
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Comparison of spa type genetic diversity calculated as Simpson’s index of diversity using all S. aureus 
isolates and varied sample sizes for each time category versus a random sample of isolates and the same 
sample size for each time category. Comparisons are shown for one male and one female maximum-
security prison in New York State by increasing length of incarceration, in months, (A) since last entering 





Figure A2.3. Relative distribution of spa clonal complexes among Staphylococcus aureus 
carriage isolates from all colonized participants who were interviewed more than once 
 
 
Relative distribution of spa clonal complexes (spa-CCs) shown separately for nasal and oropharyngeal S. 
aureus carriage isolates from participants who were interviewed more than once at two maximum-
security prisons in New York State. The Other category includes isolates that were not spa typable, were 
excluded from the BURP analysis, were singletons, or that lacked founders. Simpson’s index of diversity 
(SID) of spa types is shown as black bars with 95% confidence intervals. 
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Chapter 4. Social Interactions Contribute to Staphylococcus aureus Transmission in Two 
New York State Maximum-Security Prisons 
 
Introduction 
 Community-associated (CA) methicillin-resistant Staphylococcus aureus (MRSA) has 
been an increasing public health problem since it emerged in the mid-1990s. Approximately 30% 
of healthy adults in the US are asymptomatically colonized with S. aureus and about 0.8 – 1.5% 
are colonized with CA-MRSA.1–3 S. aureus can be transmitted by asymptomatic carriers and 
carriage has been shown to predispose individuals to subsequent infections in a number of 
settings, including in hospitals, households, and correctional facilities.4–12 Additionally, CA-
MRSA carriage among correctional populations can exceed that in the community with an 
estimated prevalence ranging from 0.8 – 15.8%.13–16 Only a limited number of studies have 
investigated S. aureus transmission in correctional facilities during non-outbreak periods to 
better understand why levels of S. aureus remain endemic,8,14–18 and those studies have focused 
primarily on identifying risk factors for colonization and infection. As would be expected, 
factors that increase the risk of outbreaks in prisons, such as crowded conditions, barriers to 
hygiene, and inadequate access to medical care, are similar to those that place inmates at 
increased risk of S. aureus colonization and infection.8,14–16 One area that has yet to be explored, 
however, is how social interactions within correctional facilities influence S. aureus 
transmission.  
 Social network analysis (SNA) is a method that has been increasingly used to understand 
how social interactions between individuals contribute to communicable disease transmission. A 
fundamental concept in network analysis is that it incorporates information about relationships 





their social relationship and, therefore, the individuals are considered interdependent.19 Linkages 
between individuals allow for the flow of information or disease through the network and 
analysis of those linkages provides insight into social structure as well as individuals that are 
critical for transmission based on their central location within the network. Furthermore, these 
methods account for the non-random mixing of individuals while more traditional statistical 
approaches in epidemiology assume that individuals mix and encounter one another at random.20 
However, for finite populations this assumption of random mixing is almost always violated 
when measuring disease transmission for which the disease status of one person typically affects 
the risk of disease in others.21,22  
 Social network methods to track infectious diseases can be further strengthened by 
introducing molecular epidemiologic data into the analyses to elucidate how interactions and 
behaviors influence transmission23,24 and to inform context- and setting-specific interventions to 
reduce transmission.24 SNA has most commonly been used in infectious disease studies to 
enhance traditional contact investigations25,26 or to evaluate the transmission of bloodborne 
pathogens and/or sexually transmitted infections within sexual or injection drug use networks.27–
31 Recent studies have used SNA to construct transmission networks to better understand factors 
involved with the transmission of tuberculosis, to detect what might be driving transmission, and 
to describe networks at highest risk.32,33 Furthermore, several studies have demonstrated that 
social interactions such as sharing drug paraphernalia contribute to S. aureus transmission in the 
community.23,34,35 
 In part because of behavioral and sociodemographic factors, and in part because of 
factors inherent to correctional settings, incarcerated populations have long been identified as 





transmission networks that contribute to the spread of disease in community settings27,32,34,35 also 
exist in prisons. Although restricted in terms of how they are permitted to spend their time, 
incarcerated individuals may have many opportunities to interact with other inmates. For 
example, they frequently share cells or live in large dormitories, they might be involved in 
scheduled activities including educational classes, vocational training, shared meals, or group 
counseling. And they also may choose to participate in unscheduled activities such as spending 
time in the yard, in a housing unit recreation area, or in the gym. Although opportunities for 
social interactions vary widely, depending upon the facility and the housing units within the 
facility, social mixing and interactions are likely to be less random in correctional settings than 
within the community. 
 Social networks in correctional settings have been studied to identify inmate social and 
organizational structure;40,41 however, there is currently only limited evidence that social 
networks among incarcerated populations play a role in disease transmission.42,43 A study of 
social network structure in Brooklyn, NY44 identified associations between incarceration and 
sexually transmitted infections and HIV, suggesting that incarceration influences infection risk 
and demonstrating the need for interventions and prevention in this population. HIV transmission 
networks within the Georgia Department of Corrections were determined based on 
seroconversion with genetically-related HIV strains, inter-facility movement, risk data, and 
named contacts;42 the results demonstrated that HIV transmission likely occurred through sexual 
networks within the prison system. Few studies of social networks within correctional facilities 
have been conducted, most did not evaluate disease transmission, and, to our knowledge, none 
have evaluated S. aureus transmission. Therefore, the objective of this study was to characterize 





evaluating associations between inmate participation in group activities and colonization status 
and (2) using SNA and molecular epidemiologic data to evaluate whether there is evidence of 
transmission.  
Materials and Methods 
Sample and Setting 
 These analyses were part of a NIH-funded study that evaluated risk factors for S. aureus 
colonization and infection in prisons (NIAID R01AI082536), which is described in detail 
elsewhere.16 Inmates at one male and one female maximum-security prison in New York State 
(NYS; Sing Sing Correctional Facility and Bedford Hills Correctional Facility, respectively) 
were invited to participate in a cross-sectional survey to assess risk factors for S. aureus 
colonization during incarceration. The male prison houses approximately 1800 inmates and is 
one of 16 male maximum-security prisons in NYS; the female prison houses approximately 900 
inmates and is the only female maximum-security prison in NYS. Eligible inmates were at least 
16 years of age and able to provide written informed consent, participation was voluntary and 
compensation was not provided. At both facilities, inmates who were interested in participating 
spoke individually with one of six trained researchers in a private room. Male inmates were 
recruited directly from the school, vocational training, and counseling buildings or from the 
dining halls; female inmates were called to the facility medical center prior to being invited to 
speak with a researcher. This study was approved by the Institutional Review Boards at the 
Columbia University Medical Center and the NYS Department of Corrections and Community 
Supervision (NYSDOCCS). 





 S. aureus sampling and characterization were carried out as described previously.14,16,17 
Briefly, rayon-tipped swabs (Becton Dickinson, Franklin Lakes, NJ) were used to collect anterior 
nares and oropharyngeal samples from inmates who agreed to participate and provided written 
informed consent. Swabs were incubated overnight to enrich for selection of S. aureus, then 
plated onto mannitol salt agar (Becton Dickinson) and incubated at 37ºC for 48 hours. Isolates 
were confirmed as S. aureus using the coagulase and protein A detection kit (Murex Staphaurex, 
Lenexa, KA), characterized by spa typing, and compared using Ridom Staph Type software 
(Ridom GmBH). Clonal relatedness was determined by clustering spa types into spa clonal 
complexes (spa-CCs) using Based Upon Repeat Pattern (BURP) clustering algorithm and default 
parameters.45–47 Methicillin-resistant isolates were characterized by staphylococcal cassette 
chromosome mec (SCCmec) typing using multiplex polymerase chain reaction.48  
Data Sources 
 Interviews were conducted via structured questionnaire to collect information about 
inmate demographics, health, and risk and hygiene behaviors. Demographic information 
included age at interview, level of education (less than high school, high school or equivalent, or 
more than high school), BMI (calculated based on self-reported height and weight), and number 
of cellmates. Health information included systemic or topical antibiotic use in the previous six 
months, history of a S. aureus infection (ascertained based on participant recollection of having 
been told he or she had a “staph infection”), and history of any skin infection (ever or within the 
previous six months). A positive response to any of the following three questions was used to 
ascertain history of skin infection: “Did you have a skin boil that drained pus or a wound that 





skin problem or infection similar to the one pictured?” (Participants were shown several different 
pictures of S. aureus skin infections).  
 Risk behavior information included sexual activity during the previous six months, 
fighting during the previous one month, ever getting a piercing in any location, getting a tattoo 
(ever or during the previous six months), current cigarette smoking, drug use (marijuana, speed, 
cocaine, crack, and/or heroin) and ever using injection drugs. Hygiene behaviors included 
shaving (any location, head, face, torso, arms, underarms, legs, and/or crotch), sharing of any 
personal item (such as clothes, towels, combs or brushes, deodorant, tweezers, clippers, or 
footwear) and number of showers per week (categorized as 0-3, 4-7, ≥8 for men and 0-7, 8-14, 
≥15 for women). Showers per week was categorized differently for men and women because the 
number of showers allowed per week was restricted in the men’s prison but not in the women’s 
and, therefore, the distribution was different at the two facilities.     
 Information about social interactions with other inmates collected during the interview 
included reports of participation, during the previous two weeks, in scheduled activities 
(educational classes, vocational training, and/or group counseling) and unscheduled activities 
(spending time in the yard, gym, and/or housing unit recreation area, playing sports, and/or 
spending time with a social group or gang). For each activity in which an inmate reported 
participating, the number of hours per week and the number of other inmates with whom they 
“hung out” during the activity were recorded. Participants were also asked to describe their 
interactions with up to four close physical contacts, defined as other inmates with whom they had 
direct physical contact on a regular basis, and to report the number of hours per week spent with 
each close contact. Although participants described these interactions they were not asked to 





data because participants were likely more truthful when they were allowed to discuss the details 
of their interactions without revealing the names of their contacts. 
 Additional data were provided by the Research and Evaluation Department within the 
NYSDOCCS Division of Program Planning (Albany, NY). Permission to obtain this information 
was included in the written informed consent process during participant recruitment. Data 
included date of inmate transfer to the study prison (used to calculate months incarcerated in the 
current facility and categorized based on tertiles as 0 to <2.2, 2.2 to <16.1, ≥16.1 months for men 
and 0 to <4.6, 4.6 to <20.4, ≥20.4 months for women), race/ethnicity (Non-Hispanic White, Non-
Hispanic Black, Hispanic, or other/unknown [including Native American and Asian]), and 
medical need classification. Upon entering the prison system, inmates were classified by medical 
need levels (1 – 3) that correspond with facility classifications, with Level 1 indicating the 
greatest medical need. Both of the study facilities were Level 1 allowing inmates of any medical 
need level to be housed and treated onsite.   
Statistical Analyses 
Descriptive and Multivariable Regression Analyses 
 Descriptive analyses were conducted to compare differences in demographic, health, risk 
and hygiene behaviors, and social interaction by colonization status using Student’s t, Wilcoxon 
Mann-Whitney, χ2, or Fisher’s exact tests, as appropriate. Subsequently, a series of multivariable 
regression models was used to assess associations between social interactions and colonization 
status.  
 Social interaction exposure measures for spending time in the yard, gym, recreation area, 





two ways: (1) inmate participation in the activity during the previous two weeks and (2) number 
of hours per week, among just those inmates who reported participating in the activity. Also 
assessed were total number of activities during the previous two weeks (0-1 or 2-6), total number 
of hours spent in all activities during the previous one week (categorized into tertiles), number of 
close contacts (0, 1-2, or 3-4), and average number of hours per week spent with each close 
contact. Only those social interaction exposure measures that were significantly associated (p-
value < 0.10) with inmate colonization status in descriptive analyses were further explored in 
multivariable models.  
 Two outcomes were evaluated separately: (1) nasal and/or oropharyngeal colonization 
with S. aureus versus no colonization and (2) nasal and/or oropharyngeal colonization with 
MRSA versus colonization with MSSA. To account for S. aureus colonization being a common 
outcome (45%), prevalence ratios were estimated using modified Poisson regression with robust 
error variances.49,50 Logistic regression models were used to estimate associations between social 
interaction measures and MRSA colonization, which was relatively uncommon (4.8%). 
Continuous social interaction exposure measures evaluated in multivariable regression models 
were scaled to the interquartile range (IQR). A significance level of 0.05 was used for the 
multivariable analyses. 
 Age, race/ethnicity, and education level were included in all multivariable models, which 
were also stratified by gender, as a priori confounders because these sociodemographic 
characteristics have been identified repeatedly as associated with S. aureus and/or MRSA 
colonization.8,15,16 Other potential confounders were tested sequentially and were included in the 
final models if they were associated with both the specific social interaction exposure and the 





the association of interest by more than 10%. Because associations between social interaction 
and colonization status differed for men and women, all analyses were conducted separately for 
the two facilities.  All of the above statistical analyses were conducted using SAS (Version 9.3; 
SAS Institute).  
Social Networks 
 Social network measures and terms are defined in Table 4.1.51–55 SNA incorporates 
information about relationships between pairs of individuals (the network members). Distinct 
network members are represented by nodes and relationships that link those nodes within the 
network are represented by ties or edges. Because data were collected about relationships 
between participants and activities, and not about participants’ interactions with one another, 
valued 2-mode matrices were constructed with participants as the rows and activities (i.e., 
school, vocational training, counseling, yard, gym, sports, social groups, housing unit recreation 
area) as the columns. For the 2-mode matrices, an edge in the social network represented a 
connection between a participant and an activity in which he participated. Edge values were 
calculated as the number of hours a participant reported being in an activity during a one-week 
period multiplied by the number of other inmates the participant reported hanging out with 
during that activity. If either or both of those two values were missing, the edge value was coded 
as 0 (n=8 for men and n=9 for women, across all 8 activities). Unimodal social network structure 
between inmates was inferred by converting the 2-mode matrices to valued 1-mode matrices by 
multiplying the 2-mode matrices by their transposes. The 1-mode matrices indicated 





social proximity. For the 1-mode matrices, an edge in the social network represented a probable 
connection between one inmate and another inmate. 
 Because relational data used to derive edge values were collected over the course of 33 
months, but participants were asked about their participation in activities during only the 
previous 2 weeks, restrictions were placed on which edges were kept in the network (thereby 
restricting which participants were inferred as having a probable connection to one another). To 
evaluate the impact of those restrictions on social network structure, subsequent outcome 
measures, and robustness of the results, social networks were constructed for the following 
conditions: (i) all possible edges were included (i.e., cumulative networks with no restrictions) 
and (ii) edges were included only if participants connected by those edges had been interviewed 
within 2 months, 1 month, or 2 weeks of one another. Additionally, networks were constructed to 
serve as negative controls. For those networks, edges were included only if the edge weights 
were above the 90th or 95th percentile, among all possible edges. Because edge weight was 
calculated based on time spent in activities and the number of other inmates with whom the 
participant reported hanging out, those networks included only the most social inmates, 
regardless of interview date, so likely did not reflect true social interactions. 
Network Visualization and Measures 
 Both the 1- and 2-mode networks were visualized using the Fruchterman-Reingold 
layout, which uses a force-based algorithm.56 Network parameters were established as follows: 
The number of iterations performed (i.e., niter) was 500. Network area was calculated as a 
function of the number of participants (i.e., nodes) included in the network. And the cancellation 





one another out) was also calculated as a function of the number of nodes in the network. The 
cancellation radius influences spacing and was determined iteratively for each network to 
optimize visualization. Nodes that were not connected to another node (i.e., isolates) were not 
included in the visualization or analysis of the social networks.  
 One-mode networks were analyzed to describe characteristics of the observed networks, 
network subgroups, and positions of individuals within the networks. The following measures 
were calculated (definitions are provided in Table 4.151–55): density, maximum clique size, 
number of maximal cliques, degree, weighted degree (i.e., strength) betweenness centrality, 
normalized betweenness centrality, and coreness. Additionally, the proportion of ties (i.e., 
adjacent nodes) that were S. aureus colonized was determined. Network measures were also 
calculated for sub-networks consisting of only S. aureus colonized nodes and, for those sub-
networks, the proportions of ties that were colonized with MRSA or CC008 were determined. 
CC008 includes USA300 and USA300-related strains (the “USA” designation is based on the 
use of pulsed-field gel electrophoresis to genotype strains as opposed to defining clonal 
complexes based on spa typing), the predominant epidemic community-associated S. aureus 
clones that circulate in the US.57 An analysis of 1720 S. aureus isolates collected from the two 
prisons between January 2009 and September 2013 showed that about 24% were CC008; among 
the 211 MRSA isolates, 78% were CC008 (data not shown). All social network construction, 
visualization, and analyses were implemented using the igraph package version 0.7.155 for R 
version 3.1.2.58  
 Variation in individual-level network measures (i.e., degree, centrality, coreness, and 
proportion of colonized ties) by colonization status was evaluated using Student’s t or Wilcoxon 





potential variations in network structure that resulted from restrictions on which edges were 
included in the networks, measures identified in descriptive analyses were only evaluated in 
multivariable regression models if they were both statistically significant (p-value < 0.05) and 
the results were robust to time restrictions. Robustness was determined by evaluating 
associations between individual-level network measures and colonization status across all 
networks that were constructed. For results to be considered robust, similar associations had to 
be observed across at least 2 networks in which edges were kept based on interview date 
occurring within 2 weeks, 1 month, or 2 months. To be conservative, more stringent criteria were 
used to select which social network measures would be further evaluated in multivariable models 
than were used to select which measures of participation in group activities were further 
evaluated, as described above (i.e., p-value < 0.05 for social network measures as compared with 
p-value <0.10 for group activities). Multivariable statistical analyses were conducted using SAS 
(Version 9.3; SAS Institute).  
Secondary Analysis 
 To evaluate the reliability of inmate responses regarding whether or not they participated 
in group activities, a secondary analysis was conducted to assess test-retest correlation for 
inmates who were interviewed more than once. Cohen’s kappa was used to estimate agreement 
between responses at the first and second interviews. 
Results 
 Between January 2011 and September 2013, 1382 interviews were conducted at the two 
prisons. Ninety-three percent of men and 81% of women agreed to participate in the study. 





for these analyses, for a final sample size of 1356 (n=764 men, n=592 women). Overall, 45% of 
participants were S. aureus colonized in the nares and/or oropharynx. Exclusive oropharyngeal 
colonization was more prevalent than exclusive nasal colonization, and levels were similar 
among men and women (Table 4.2). The overall prevalence of nasal and/or oropharyngeal 
MRSA colonization was 4.8% and it was higher among female participants than among men 
(6.8% versus 3.2%, respectively; Table 4.2). 
 Participant demographic characteristics are described in Tables 4.2 and 4.3, along with 
health characteristics, and risk and hygiene behaviors. The average age of men and women was 
similar (38 and 37 years, respectively) and although the largest proportion of participants at both 
facilities were non-Hispanic Black (58.0% of men and 47.4% of women), more women than men 
were non-Hispanic White (31.9% versus 12.8%, respectively). The largest proportion of male 
participants had less than a high school education (39.9%), while the largest proportion of female 
participants had more than a high school education (38.1%). On average, male participants had 
been detained in the current facility for 20.3 months (median = 4.9 months) and female 
participants had been detained for 31.1 months (median = 9.5) (data not shown). Over one 
quarter of the participants reported systemic antibiotic use in the previous six months (27.0% of 
men and 36.0% of women) and 6.3% of men and 9.6% of women reported having had a skin 
infection during that same time period.  
 Compared with men who were not colonized, men colonized with S. aureus in the nares 
and/or oropharynx were younger (p-value < 0.001) and had been detained for less time in the 
current facility (p-value = 0.04). They were more likely to be non-Hispanic Black or non-
Hispanic White (p-value = 0.03), to have more than a high school education (p-value = 0.09), 





during the previous month (p-value < 0.01), smoking cigarettes (p-value = 0.07), and sharing 
personal items (p-value = 0.05) (Table 4.3). 
  Factors associated with S. aureus colonization among women differed from those for 
men. Compared with women who were not colonized, colonized women had a higher BMI (p-
value <0.01) and had been detained longer in the current facility (p-value = 0.07). Colonized 
women were more likely to report having a skin infection either ever or recently (p-values = 
<0.01 and 0.02, respectively) and a history of using heroin (p-value = 0.07). They were less 
likely to report shaving any body site (p-value < 0.01) or shaving their underarms or legs (p-
values = <0.01 and 0.05, respectively) (Table 4.4).  
 Compared with MSSA colonized inmates, MRSA colonized men and women were more 
likely to report ever having a S. aureus infection (p-values = <0.0001 and <0.01, respectively), 
ever having a skin infection (p-values = 0.04 and <0.01, respectively), or having a recent skin 
infection (p-values = <0.01 and <0.001, respectively). Additionally, MRSA colonized men had 
higher medical needs (p-value <0.05) and were more likely to shave their underarms (p-value 
<0.001) or crotch (p-value=0.03). MRSA colonized women were older (p-value = 0.04), more 
likely to report recent use of systemic antibiotics (p-value = 0.02) and ever using cocaine (p-
value = 0.07) or crack (p-value = 0.03) (Tables 4.3 and 4.4). 
Social interactions and Staphylococcus aureus colonization 
 Associations between social interactions among prison inmates and S. aureus 
colonization are described in Tables 4.5 and 4.6. Most inmates reported participating in at least 2 
social activities within the previous 2 weeks (82.5% of men and 76.9% of women). Spending 
time in the yard or gym were most common among men (75.0% and 57.2%, respectively), while 





(60.0% and 78.2%, respectively). About 8% of men and 10% of women reported regularly 
spending time with the same social group. Furthermore, S. aureus colonized men and women 
were more likely to report being in a social group, compared with inmates who were not 
colonized (p-values = 0.06 and <0.001, respectively). 
 Among the 26 inmates who had been interviewed twice an average of 9.7 months had 
elapsed between interviews (range: 0.10 – 31.5 months). Evaluation of their responses as to 
whether or not they participated in each of the group activities at the first or second interview 
showed moderate agreement (kappa = 0.52). Furthermore, when kappa was estimated separately 
for those for whom less time had elapsed (mean = 3.0 months) and more time had elapsed (mean 
= 16.4 months) between interviews, the results did not change.  
 Among those who reported spending time in social activities, men and women spent an 
average of 31.6 hours per week (median = 28.0 hours) and 33.7 hours per week (median = 31.0 
hours) participating in all activities, respectively. Men and women reported spending the most 
amount of time during a one-week period in their social groups (26.3 and 25.5 hours, 
respectively) and in housing unit recreation areas (20.7 and 22.5 hours, respectively). 
 Compared with men who were not colonized, S. aureus colonized men reported spending 
less time in educational classes (p-value = 0.06) and more time in vocational training (p-value = 
0.09). In contrast, S. aureus colonized women reported spending less time in vocational training 
(p-value = 0.08) and group counseling (p-value = 0.02) and more time in the yard (p-value = 
0.08). However, overall number of hours spent participating in activities was not associated with 
S. aureus colonization. The distribution of number of close, physical contacts was similar at the 
two facilities, with over one quarter of participants reporting they had no close contacts (32.1% 





close contacts (45.0% and 49.2%, respectively). Among men, but not women, S. aureus 
colonization was associated with having a higher number of close physical contacts (p-value = 
0.06). MRSA and MSSA colonized women did not differ in terms of the measured social 
interactions. However, compared with MSSA colonized men, MRSA colonized men participated 
in fewer social activities (p-value = 0.03) and spent more time in educational classes (p-value = 
0.07). 
 Results of multivariable regression analyses (Table 4.7) showed that, after adjusting for 
potential confounders, S. aureus colonized women were more likely to report spending time 
regularly with the same social group (prevalence ratio [PR] = 1.68; p-value <0.0001). 
Furthermore, among women who reported spending time in the yard, an IQR increase in hours 
spent in the yard per week was associated with a 9% increased prevalence of S. aureus 
colonization (p-value = 0.04). An IQR increase in hours spent in vocational training, however, 
was associated with decreased S. aureus prevalence (PR = 0.91; p-value = 0.03). After adjusting 
for potential confounders, social interactions among male inmates were not found to be 
associated with S. aureus colonization. Additionally, social interactions were not found to vary 
between MRSA versus MSSA colonized male or female inmates (Table 4.8).  
Social networks  
 Two-mode networks depicting inmate participation in scheduled and unscheduled 
activities are shown in Figure 4.1. Inferred one-mode networks, derived from the two-mode 
networks, are shown in Figure 4.2 with male (n=725) and female (n=552) inmates connected if 
they reported participating in the same types of activities and were interviewed within one month 
of each other. Also shown in the one-mode networks is the distribution of nasal and/or 





generated to show connectedness of inmates interviewed within two weeks (Figure A3.1) of each 
other, as well as just for those who reported being highly social based on the number of hours 
spent in all activities and the number of individuals they spent time with while participating in 
those activities. Figure A3.2 shows connectedness of inmates including only edges with weights 
above the 90th percentile.  
 Density of the cumulative networks, before restricting edges, was 70.6% for men and 
80.2% for women and it was substantially reduced when only allowing inmates who were 
interviewed within the same month to be connected: 6.2% for men and 6.1% for women. In the 
reduced networks, the largest clique size among men was 65 and among women was 43. There 
were a substantial number of subgroups in both networks, with 606 and 401 maximal cliques in 
the male and female networks, respectively. All network-level measures, for each of the 
cumulative and reduced networks, are presented in Table A3.1. 
 Inferred one-mode sub-networks, including only colonized inmates who were 
interviewed within the same month, were also generated. The distribution of nasal and/or 
oropharyngeal MRSA colonization is shown in red for men (n=335; Figure 4.3A) and women 
(n=242; Figure 4.3B) with CC008 isolates depicted as squares. MRSA and CC008 distribution, 
among colonized inmates, are also shown with connectedness of inmates interviewed within two 
weeks of one another (Figure A3.3) and for those with edge weights above the 90th percentile 
(Figure A3.4).  Sub-network density among colonized inmates, interviewed within the same 
month, was similar to networks that included inmates who were not colonized: 6.6% for men and 
7.1% for women. However, overall, there were fewer sub-groups: the largest clique sizes were 
32 for men and 26 for women; the number of maximal cliques was 271 for men and 153 for 





Analysis of social network measures  
 Among men interviewed within the same month, individual network measures such as 
degree and centrality were not associated with colonization status. However, S. aureus colonized 
men had a higher proportion of colonized ties (46% versus 44%; p-value = 0.02) (Table 4.9). The 
same relationship was observed among men interviewed within two months of each other (Table 
A3.2). In contrast, individual network measures among women interviewed within the same 
month, but not the proportion of colonized ties, was associated with S. aureus colonization. S. 
aureus colonized women had higher degree (p-value 0.01), weighted degree (p-value 0.03), and 
coreness (p-value < 0.01). The same relationships were observed among women interviewed 
within two weeks or two months of each other (Table A3.3).  
 As for S. aureus colonization, network measures of position among men were not 
associated with MRSA colonization. However, both MRSA and CC008 colonized men had 
higher proportions of MRSA colonized ties: 10% versus 7% (p-value=0.03) when comparing 
MRSA colonized men and 8% versus 6% (p-value=0.02) when comparing CC008 colonized men 
(Tables 4.10, A3.4, and A3.6). Colonization with MRSA or CC008 were not, however, 
associated with the proportion of CC008 colonized ties. Among women, neither network 
measures nor the proportions of colonized ties were associated with MRSA or CC008 
colonization status (Tables 4.10, A3.5, and A3.7).  
 Results of multivariable regression analyses (Table 4.11) showed that individual-level 
network measures were not associated with S. aureus or MRSA colonization in men, after 
adjusting for potential confounders. However, coreness, a measure of sub-group cohesion, was 
associated with S. aureus colonization in women. Specifically, an IQR increase in coreness was 






 The results of this study provide evidence that social interactions between incarcerated 
females contribute to S. aureus transmission within correctional facilities. Specifically, S. aureus 
colonized women were more likely to report regularly spending time with the same social group. 
Furthermore, based on inferred social networks that accounted for participation in all social 
activities, S. aureus colonized women had higher coreness, indicating they were “core” or central 
members of the social networks. Although not statistically significant in the multivariable 
regression analyses, the results for men suggest a similar association between spending time with 
the same social group and S. aureus colonization. However, unlike for women where the 
association was driven by measures of social network structure, for men the association appeared 
to be driven by the proportion of colonized men in close proximity.  
 Coreness is a measure that represents the largest subgroup (i.e., k-core) to which a given 
node belongs. It is a measure of centrality; nodes with low coreness are located in the periphery 
of a network whereas those with high coreness are the most central. Coreness differs from other 
measures of centrality in that nodes can have high degree centrality yet be located in the 
periphery and therefore have low coreness centrality. Thus, influential spreaders might not 
necessarily be those who are most highly connected but instead may be those located within the 
core of the network.59 Results of recent studies59,60 that used mathematical models of real-world 
complex networks to represent social structures suggest that the identification of influential 
spreaders within a network is dependent upon the type of transmission dynamics being studied.  
It was found that different measures of centrality may best identify an influential node when 





for analyzing epidemic spread.59,60 Those findings are in agreement with the results presented 
here, that coreness but not degree was associated with S. aureus colonization among women. 
 The current findings also imply that mechanisms of transmission differ for men and 
women, and that for women the occurrence of colonization is a function of being centrally 
located within a social network. That is, the more interconnected a female inmate is the more 
likely she will be colonized. Because the female prison described in this study is the only female 
maximum-security prison in NYS, the population is much less transient than that of the male 
prison; male inmates sentenced to maximum-security prison can potentially be transferred to 15 
other facilities. Interestingly, strong, positive, dose-response relationships were identified 
between the number of months women were detained in the facility and measures of centrality 
and subgroup cohesion suggesting that with longer length of incarceration in the same facility 
women become increasingly connected with other inmates and develop larger social networks. 
Even when adjusting for this in the model, however, coreness remained significantly associated 
with colonization indicating that colonized women were more likely to hang out with larger 
social groups.  
 Among women who reported spending time in the yard and in vocational training, the 
amount of time spent in those activities was associated with colonization. Women who spent 
more time in the yard were more likely to be S. aureus colonized. Although specific social 
interactions between inmates were not evaluated in the current study, inmates who reported 
spending time in social groups discussed interactions such as sharing cigarettes and other 
personal items, cooking together, and doing each other’s hair and it is possible that those 
interactions would result in direct S. aureus transmission, via skin-to-skin contact. It is also 





contaminated environments. In fact, inferred networks were constructed based on inmate reports 
of participation in the same activities during the same time periods but it was not known whether 
they were indeed in the same places at the same time. For example, two inmates who reported 
participation in vocational training may not have been in the same program and therefore would 
not necessarily have come in direct contact with one another. Therefore, in the absence of more 
detailed information about direct relationships between inmates the constructed networks 
provided proxy measures of social connectedness and also likely captured exposure to shared 
environments. In this context, the results further support the role of the environment in S. aureus 
dissemination in prisons.  
 The overall findings of this study, that social interactions contribute to the spread of S. 
aureus, further support the results of other studies34,35,61 that have investigated S. aureus 
transmission in community settings using social network methods. A study of individuals in a 
community outreach program who were known to share inhalation drugs34 found that S. aureus 
colonized individuals within the same social risk networks were colonized with related strains.  
S. aureus colonization and infection were also evaluated within social risk networks of drug 
users in Brooklyn, NY35 and the presence of highly related strains suggested extensive 
transmission within and across the networks. Finally, the transmission of closely related USA300 
clones between and within households in northern Manhattan61 was identified by evaluating 
household members and social contacts of individuals with CA-MRSA infections. The study 
described here provides compelling evidence that, similar to what has been found in the 
community, social networks play a role in S. aureus transmission within correctional facilities.  
 It is notable that there was wide variation in both the number of activities in which 





activities. In fact, about 20% of men and women reported participating in just one or no activities 
during the previous two weeks. And only about 8% and 10% of men and women, respectively, 
reported participating in a social group. Results of the secondary analysis demonstrated that there 
was moderate agreement between how inmates responded to questions about participation in 
group activities at their first and second interviews, suggesting that the measure is fairly reliable. 
It is important to note that responses to those questions would be expected to vary over time 
because inmates’ schedules change depending upon which activities are available and/or 
appropriate (e.g., educational classes might not be offered all year). Overall, however, because so 
few inmates reported participating in a social group the results suggest that other factors in 
addition to social interactions may play an important role in S. aureus transmission within 
correctional facilities. One such factor might be environmental contamination, which has been 
shown to contribute to the reoccurrence of S. aureus skin infection in the community.62,63 While 
environmental contamination with S. aureus has been detected in prisons and jails,64,65 evidence 
that contamination is associated with colonization and/or infection in those settings is lacking. In 
light of the findings presented here, research is needed to evaluate the relative importance of 
social interconnectedness and the environment to S. aureus transmission in correctional settings. 
 This study had several limitations. First, cross-sectional data were collected so the results 
of the analyses should be interpreted with caution because it was not possible to determine 
temporality for the relationships between participating in social activities and colonization status. 
Second, most social network characteristics and other independent variables were based on self-
reported data, which might have resulted in misclassification of exposures. However, because 
participants were not aware of their colonization status, it is likely that any misclassification 





than result in spurious associations. Furthermore, an analysis comparing self-reported interview 
and medical record data collected for the current study66 demonstrated that, overall, there was 
good concordance for medical conditions but only moderate or poor concordance with some of 
the behavioral factors evaluated in the analyses described here (i.e., tattoos, cigarette smoking, 
antibiotic use, and illicit drug use). Almost all behavioral factors were under-reported in the 
medical records, suggesting that inmates were less likely to report sensitive information, such as 
drug use, to prison personnel and that the interviews were a better source of data. Third, one-
mode social network structure was inferred based on co-affiliation data rather than on named 
contacts. In the context of correctional settings, however, it is likely that this resulted in more 
candid information about where inmates spent their time and the nature of their interactions with 
one another. Furthermore, other studies that have inferred network structure, in the absence of 
named contacts, have used those networks to better understand transmission dynamics of 
tuberculosis33 and HIV.29  
 Fourth, although the findings suggest that S. aureus transmission occurred as a result of 
social interactions, they should be interpreted with caution. The inclusion of molecular data to 
identify clonal complexes and strains that were methicillin-resistant strengthened the analyses. 
However, the identification of an increased prevalence of S. aureus colonization among highly 
interconnected inmates does not indicate that transmission events truly occurred. Temporality 
could not be established and because it was not known whether the increased prevalence was due 
to transmission of the same S. aureus strains or to some common cause that led to shared activity 
among those most likely to be colonized. As discussed, the constructed networks were proxies 
for social connectedness to evaluate the potential for transmission. A more granular approach 





power, such as whole genome sequencing could be useful to further support or disconfirm the 
current findings. Indeed, other SNA studies have used whole genome sequencing data to rule out 
putative transmission events between individuals based on a lack of sequence similarity.32  
 Fifth, because of the low prevalence of MRSA colonization at both facilities, the analyses 
had limited power to identify associations between social interactions and MRSA colonization. 
Finally, because different activities are offered at different correctional facilities, and because the 
opportunities for inmates to interact with one another vary considerably, the study results are not 
generalizable to all correctional settings.  
 The results of this study have a number of public health implications. There is increasing 
evidence that colonized as well as infected individuals contribute significantly to S. aureus 
transmission. In fact, a recent study that used agent-based modeling to evaluate CA-MRSA 
transmission in Chicago67 found that most new colonization (95%) resulted from contact with a 
colonized individual. This implies that in correctional settings where levels of S. aureus 
colonization are endemic, a potentially important strategy to prevent outbreaks of clinical 
infection would be to reduce the prevalence of colonization. Identifying how S. aureus is spread, 
such as through social networks, is an important step towards reduction because it allows for 
targeted interventions. These could include educating inmates about how S. aureus is spread via 
skin-to-skin contact and contaminated surfaces in the context of their activities and providing 
more opportunities for hand hygiene when inmates are participating in activities. In addition, 
current guidelines for the management of MRSA in federal correctional facilities68 recommend 
restricting infected inmates from “certain activities on a case-by-case basis”. Additional research 
is needed to elucidate whether restricting inmates from participating in activities and interacting 










Two-mode social networks showing participation in scheduled and unscheduled activities by (A) male 
and (B) female New York State prison inmates between 2011 and 2013. Inmates are depicted as gray 





Figure 4.2. Inferred one-mode social networks showing the distribution of Staphylococcus 
aureus colonization among prison inmates interviewed within the same month 
 
Inferred one-mode social networks showing the distribution of S. aureus colonization and connectedness 
among (A) male and (B) female New York State prison inmates interviewed within the same month, 





Figure 4.3. Inferred one-mode social networks showing the distribution of methicillin-resistant 
Staphylococcus aureus colonization among prison inmates interviewed within the same month 
 
Inferred one-mode social networks of S. aureus colonized New York State prison inmates interviewed 
within the same month, between 2011 and 2013. The distribution of MRSA colonization is shown in red 






Table 4.1. Definitions of social network measures 
Network measure/term Level Definition 
Node N/A Represents a distinct individual or network member 
Tie/Edge N/A 
Represents the relationship that links two nodes within a 
network 
Subgroup N/A 
A subset of a network based on certain nodes and their 
ties 
Density Network The total number of observed ties divided by the 
maximum number of possible ties 
Clique Subgroup 
cohesion 




A maximal subgraph in which each node is connected to 
k other nodes 
Size of the maximum clique Network/ 
Subgroup 
cohesion 
The maximum clique is the largest clique in the network 
 
Number of maximal cliques Network/ 
Subgroup 
cohesion 
Maximal cliques are those that cannot be extended by 
the addition of another adjacent node (i.e., it is not a 
subset of a larger clique) 
Degree centrality Individual Number of all nodes that are directly connected to a 
given node 
Weighted degree/strength Individual Sum of the edge weights of all nodes that are directly 
connected to a given node 
Betweenness centrality Individual The number of times a node connects a pair of nodes 
(i.e., is between those two nodes) that would otherwise 
not be connected 
Normalized betweenness 
centrality 
Individual Betweenness centrality that has been normalized to the 




Size of the largest subgroup (i.e., k-core) in which each 






Table 4.2. Staphylococcus aureus colonization at two maximum-security prisons in New York 
State 





S. aureus colonized; n (%)    
Nares only 168/1346 (12.5) 88/757 (11.6) 80/589 (13.6) 
Oropharynx only 268/1346 (19.9) 163/757 (21.5) 105/589 (17.8) 
Nares and oropharynx  169/1346 (12.6) 98/757 (13.0) 71/589 (12.1) 
Nares and/or oropharynx 610 (45.0) 351 (45.9) 259 (43.8) 
MRSA colonized; n (%)    
Nares only 20/1343 (1.5) 7/754 (0.9) 13/589 (2.2) 
Oropharynx only 35/1343 (2.6) 14/754 (1.9) 21/589 (3.6) 
Nares and oropharynx  9/1343 (0.7) 3/754 (0.4) 6/589 (1.0) 
Nares and/or oropharynx 65 (4.8) 25 (3.3) 40 (6.8) 
 
Notes: Denominators are shown for missing data (10 participants had only nasal or oropharyngeal 
colonization assessed; when only one colonization site was known this was factored into overall 
colonization but not exclusive colonization. Methicillin susceptibility data were missing for 13 samples.); 








Table 4.3. Descriptive analysis of demographic, health, risk and hygiene behavior characteristics of male prison inmates by 

















Age; mean (SD) 37.8 (10.3) 36.3 (9.7) 39.2 (10.6) 0.0001 37.5 (10.2) 36.2 (9.7) 0.53 
Race/Ethnicity     0.03   0.48 
Non-Hispanic White 96/752 (12.8) 49/345 (14.2) 47/407 (11.6)  4 (16.0) 45/320 (14.1)  
Non-Hispanic Black 436/752 (58.0) 212/345 (61.5) 224/407 (55.0)  17 (68.0) 195/320 (60.9)  
Hispanic  202/752 (26.9) 75/345 (21.7) 127/407 (31.2)  3 (12.0) 72/320 (22.5)  
Other/Unknown  18/752 (2.4) 9/345 (2.6) 9/407 (2.2)  1 (4.0) 8/320 (2.5)  
Education    0.09   0.40 
Less than high school 303/759 (39.9) 133/348 (38.2) 170/411 (41.4)  8 (32.0) 125/323 (38.7)  
High school or equivalent 295/759 (38.9) 129/348 (37.1) 166/411 (40.4)  8 (32.0) 121/323 (37.5)  
More than high school 161/759 (21.2) 86/348 (24.7) 75/411 (18.3)  9 (36.0) 77/323 (23.8)  
BMI    0.49   0.51 
Underweight and normal 173/763 (22.7) 74 (21.1) 99/412 (24.0)  3 (12.0) 71 (21.8)  
Overweight 396/763 (52.0) 182 (51.9) 214/412 (51.9)  14 (56.0) 168 (51.5)  
Obese 194/763 (25.4) 95 (27.1) 99/412 (24.0)  8 (32.0) 87 (26.7)  
At least 1 cellmate 27 (3.5) 12 (3.4) 15 (3.6) 0.87 2 (8.0) 10 (3.1) 0.21 
Months in current facility        0.04   0.38 
0 to <2.2 249/751 (36.1) 124/344 (36.1) 125/407 (30.7)   12/24 (50.0) 112/320 (35.0)  
2.2 to <16.1 252/751 (33.6) 122/344 (35.5) 130/407 (31.9)   7/24 (29.2) 115/320 (35.9)  
≥16.1 250/751 (33.3) 98/344 (28.5) 152/407 (37.4)   5/24 (20.8) 93/320 (29.1)  
Systemic antibiotic use1 206 (27.0) 88 (25.1) 118 (28.6) 0.28 7 (28.0) 81 (24.9) 0.73 
Topical antibiotic use1 88 (11.5) 36 (10.3) 52 (12.6) 0.31 3 (12.0) 33 (10.1) 0.73 
SA infection, ever 33 (4.3) 17 (4.8) 16 (3.9) 0.51 6 (24.0) 11 (3.4) <0.0001 
Skin infection, ever 121 (15.8) 57 (16.2) 64 (15.5) 0.78 8 (32.0) 49 (15.0) 0.04 
Skin infection1 48 (6.3) 27 (7.7) 21 (5.1) 0.14 6 (24.0) 21 (6.4) 0.008 
Medical level    0.90   0.0461 
Levels 1 or 2 201/752 (26.7) 93/345 (27.0) 108/407 (26.5)  11 (44.0) 82/320 (25.6)  
Level 3 551/752 (73.3) 252/345 (73.0) 299/407 (73.5)  14 (56.0) 238/320 (74.4)  
























Fights, previous 1 month 48 (6.3) 13 (3.7) 35 (8.5) 0.007 1 (4.0) 12 (3.7) 1 
Piercings, ever 266/763 (34.9) 141 (40.2) 125/412 (30.3) 0.005 7 (28.0) 14 (41.1) 0.20 
Tattoos, ever 445 (58.3) 214 (61.0) 231 (55.9) 0.16 12 (48.0) 202 (62.0) 0.17 
Tattoos1 16 (2.1) 5 (1.4) 11 (2.7) 0.23 0 5 (1.5) 1 
Smokes cigarettes 434 (56.8) 187 (53.3) 247 (59.8) 0.07 10 (40.0) 177 (54.3) 0.17 
Marijuana use, ever 578/762 (75.9) 270/350 (77.1) 308/412 (74.8) 0.44 18 (72.0) 252/325 (77.5) 0.53 
Marijuana use1 61/762 (8.0) 28/350 (8.0) 33/412 (8.0) 0.99 1 (4.0) 27/325 (8.3) 0.71 
Speed, ever 68 (8.9) 27 (7.7) 41 (9.9) 0.28 3 (12.0) 24 (7.4) 0.43 
Cocaine, ever 211 (27.6) 89 (25.4) 122 (29.5) 0.20 4 (16.0) 85 (26.1) 0.34 
Crack, ever 106 (13.9) 43 (12.3) 63 (15.3) 0.23 4 (16.0) 39 (12.0) 0.53 
Heroin, ever 91 (11.9) 41 (11.7) 50 (12.1) 0.86 4 (16.0) 37 (11.4) 0.51 
Injection drug use, ever 37 (4.8) 15 (4.3) 22 (5.3) 0.50 2 (8.0) 13 (4.0) 0.29 
Number of showers per week    0.07   0.59 
0-3 260/763 (34.1) 110/351 (31.3) 150/412 (36.4)  7 (28.0) 103 (31.6)  
4-7 418/763 (54.8) 193/351 (55.0) 225/412 (54.6)  13 (52.0) 180 (55.2)  
≥8 85/763 (11.1) 48/351 (13.7) 37/412 (9.0)  5 (20.0) 43 (13.2)  
Shaves        
Any location 629/763 (82.4) 282 (80.3) 347/412 (84.2) 0.16 22 (88.0) 260 (79.8) 0.44 
Head 163/763 (21.4) 71 (20.2) 92/412 (22.3) 0.48 8 (32.0) 63 (19.3) 0.13 
Face 557/763 (73.0) 249 (70.9) 308/412 (74.8) 0.24 19 (76.0) 230 (70.6) 0.56 
Torso 57/763 (7.5) 22 (6.3) 35/412 (8.5) 0.24 0 22 (6.8) 0.39 
Underarms 228/763 (29.9) 98 (27.9) 130/412 (31.6) 0.27 15 (60.0) 83 (25.5) 0.0002 
Crotch 231/763 (30.3) 102 (29.1) 129/412 (31.3) 0.50 12 (48.0) 90 (27.6) 0.03 
Shares personal items 69/763 (9.0) 24 (6.8) 45/412 (10.9) 0.0499 3 (12.0) 21 (6.4) 0.24 
1Previous six months 
Notes: n (%) unless otherwise noted; p-values < 0.10 are shown in bold; denominators are shown for missing data; MRSA = methicillin-resistant 








Table 4.4. Descriptive analysis of demographic, health, risk and hygiene behavior characteristics of female prison inmates by 

















Age; mean (SD) 37.1 (11.5) 37.2 (11.2) 37.1 (11.7) 0.98 40.5 (12.1) 36.5 (11.0) 0.04 
Race/Ethnicity    0.66   0.31 
Non-Hispanic White 188/589 (31.9) 82/258 (31.8) 106/331 (32.0)  16 (40.0) 66/218 (30.3)  
Non-Hispanic Black 279/589 (47.4) 124/258 (48.1) 155/331 (46.8)  20 (50.0) 104/218 (47.7)  
Hispanic  102/589 (17.3) 41/258 (15.9) 61/331 (18.4)  4 (10.0) 37/218 (17.0)  
Other/Unknown  20/589 (3.4) 11/258 (4.3) 9/331 (2.7)  0 11/218 (5.1)  
Education    0.1033   0.22 
Less than high school 164/585 (28.0) 81/254 (31.9) 83/331 (25.1)  17/39 (43.6) 64/215 (29.8)  
High school or equivalent 198/585 (33.9) 87/254 (34.3) 111/331 (33.5)  12/39 (30.8) 75/215 (34.9)  
More than high school 223/585 (38.1) 86/254 (33.9) 137/331 (41.4)  10/39 (25.6) 76/215 (35.4)  
BMI    0.002   0.89 
Underweight and normal 179/591 (30.3) 59/258 (22.9) 120 (36.0)  8/39 (20.5) 51 (23.3)  
Overweight 187/591 (31.6) 85/258 (33.0) 102 (30.6)  14/39 (35.9) 71 (32.4)  
Obese 225/591 (38.1) 114/258 (44.2) 111 (33.3)  17/39 (43.6) 97 (44.3)  
At least 1 cellmate 188 (31.8) 86 (33.2) 102 (30.6) 0.50 13 (32.5) 73 (33.3) 0.92 
Months in current facility       0.07   0.16 
0 to <4.6 196/589 (33.3) 88/258 (34.1) 108/331 (32.6)   18 (45.0) 70/218 (32.1)  
4.6 to <20.4 197/589 (33.5) 74/258 (28.7) 123/331 (37.2)   7 (17.5) 67/218 (30.7)  
≥20.4 196/589 (33.3) 96/258 (37.2) 100/331 (30.2)   15 (37.5) 81/218 (37.2)  
Systemic antibiotic use1 213 (36.0) 94 (36.3) 119 (35.7) 0.89 21 (52.5) 73 (33.3) 0.02 
Topical antibiotic use1 83 (14.0) 44 (17.0) 39 (11.7) 0.07 10 (25.0) 34 (15.5) 0.14 
SA infection, ever 47 (7.9) 24 (9.3) 23 (6.9) 0.29 9 (22.5) 15 (6.9) 0.005 
Skin infection, ever 113 (19.1) 64 (24.7) 49 (14.7) 0.002 18 (45.0) 46 (21.0) 0.001 
Skin infection1 57 (9.6) 33 (12.7) 24 (7.2) 0.02 12 (30.0) 21 (9.6) 0.0004 
Medical level    0.71   0.16 
Levels 1 or 2 223/585 (38.1) 95/255 (37.3) 128/330 (38.8)  18/38 (47.4) 77/217 (35.5)  
Level 3 362/585 (61.9) 160/255 (62.8) 202/330 (61.2)  20/38 (52.6) 140/217 (64.5)  
























Fights, previous 1 month 17 (2.9) 6/258 (2.3) 11 (3.3) 0.48 0 6/218 (2.8) 0.59 
Piercings, ever 407 (68.8) 186 (71.8) 221 (66.4) 0.16 24 (60.0) 162 (74.0) 0.07 
Tattoos, ever 354 (59.8) 152 (58.7) 202 (60.7) 0.63 20 (50.0) 132 (60.3) 0.23 
Smokes cigarettes 392 (66.2) 180 (69.5) 212 (63.7) 0.14 30 (75.0) 150 (68.5) 0.41 
Marijuana use, ever 428/591 (72.4) 192 (74.1) 236/332 (71.1) 0.41 27 (67.5) 165 (75.3) 0.30 
Marijuana use1 26/591 (4.4) 13 (5.0) 13/332 (3.9) 0.52 2 (5.0) 11 (5.0) 1 
Speed, ever 59 (10.0) 27 (10.4) 32 (9.6) 0.74 6 (15.0) 21 (9.6) 0.40 
Cocaine, ever 214 (36.2) 96 (37.1) 118 (35.4) 0.68 20 (50.0) 76 (34.7) 0.07 
Crack, ever 135/591 (22.8) 63 (24.3) 72/332 (21.7) 0.45 15 (37.5) 48 (21.9) 0.03 
Heroin, ever 100 (16.9) 52 (20.1) 48 (14.4) 0.07 11 (27.5) 41 (18.7) 0.20 
Injection drug use, ever 65 (11.0) 34 (13.1) 31 (9.3) 0.14 8 (20.0) 26 (11.9) 0.16 
Number of showers per week    0.91   0.21 
0-7 234/589 (39.7) 100/258 (38.8) 134/331 (40.5)  16 (40.0) 84/218 (38.5)  
8-14 276/589 (46.9) 123/258 (47.7) 153/331 (46.2)  22 (55.0) 101/218 (46.3)  
≥15 79/589 (13.4) 35/258 (13.6) 44/331 (13.3)  2 (5.0) 33/218 (15.1)  
Shaves        
Any location 474 (80.1) 192 (74.1) 282 (84.7) 0.001 26 (65.0) 166 (75.8) 0.15 
Arms 59 (10.0) 23 (8.9) 36 (10.8) 0.44 5 (12.5) 18 (8.2) 0.37 
Underarms 421 (71.1) 169 (65.3) 252 (75.7) 0.006 22 (55.0) 147 (67.1) 0.14 
Legs 308 (52.0) 123 (47.5) 185 (55.6) 0.05 17 (42.5) 106 (48.4) 0.49 
Crotch 353 (59.6) 151 (58.3) 202 (60.7) 0.56 23 (57.5) 128 (58.5) 0.91 
Shares personal items 83 (14.0) 37 (14.3) 46 (13.8) 0.87 6 (15.0) 31 (14.2) 0.89 
1Previous six months 
Notes: n (%) unless otherwise noted; p-values < 0.10 are shown in bold; denominators are shown for missing data; MRSA = methicillin-resistant 

























In the previous 2 weeks, 
spent time in: 
       
Educational classes 254 (33.3) 109 (31.1) 145 (35.1) 0.24 7 (28.0) 102 (31.3) 0.73 
Vocational training 143 (18.7) 60 (17.1) 83 (20.1) 0.29 3 (12.0) 57 (17.5) 0.59 
Group counseling 258 (33.8) 124 (35.3) 134 (32.5) 0.40 8 (32.0) 116 (35.6) 0.72 
Yard 573 (75.0) 258 (73.5) 315 (76.3) 0.38 19 (76.0) 239 (73.3) 0.77 
Gym  437 (57.2) 205 (58.4) 232 (56.2) 0.53 11 (44.0) 194 (59.5) 0.13 
Recreation area 114 (14.9) 55 (15.7) 59 (14.3) 0.59 3 (12.0) 52 (16.0) 0.78 
Sports group 19 (2.5) 8 (2.3) 11 (2.7) 0.73 0 8 (2.5) 1 
Social group 59 (7.7) 34 (9.7) 25 (6.1) 0.06 4 (16.0) 30 (9.2) 0.28 
Total number of social 
activities, past 2 weeks 
       
0-1 134 (17.5) 67 (19.1) 67 (16.2) 0.30 9 (36.0) 58 (17.8) 0.03 
2-6 630 (82.5) 284 (80.9) 346 (83.8)  16 (64.0) 268 (82.2)  
Number of hours per week 
spent in, mean (SD): 1 
       
Educational classes 12.1 (7.5) 11.3 (7.3) 12.7 (7.6) 0.06 18.6 (12.7) 10.8 (6.7) 0.07 
Vocational training 11.7 (3.4) 12.2 (3.0) 11.4 (3.6) 0.09 - - - 
Group counseling 13.4 (7.6) 13.5 (7.2) 13.3 (8.0) 0.63 15.1 (8.0) 13.4 (7.1) 0.53 
Yard 16.1 (13.6) 16.6 (13.3) 15.7 (13.7) 0.36 17.8 (13.0) 16.5 (13.4) 0.56 
Gym  7.8 (7.0) 8.1 (8.1) 7.6 (5.9) 0.56 7.8 (6.6) 8.1 (8.2) 0.94 
Recreation area 20.7 (19.1) 20.3 (19.9) 21.1 (18.4) 0.78 - - - 
Sports group 9.0 (6.7) 8.3 (5.8) 9.7 (7.7) 0.96 - - - 
Social group 26.3 (11.5) 28.3 (12.5) 23.5 (9.5) 0.36 - - - 
Total number of hours in 
activities, past 1 week 
       
0 to <21 244/754 (32.4) 117/344 (34.0) 127/410 (31.0) 0.53 9 (36.0) 108/319 (33.9) 0.50 
21 to <42 303/754 (40.2) 131/344 (38.1) 172/410 (42.0)  7 (28.0) 124/319 (38.9)  
≥42 207/754 (27.5) 96/344 (27.9) 111/410 (27.1)  9 (36.0) 87/319 (27.3)  
























0 243/756 (32.1) 111/349 (31.8) 132/407 (32.4) 0.06 10 (40.0) 101/324 (31.2) 0.45 
1-2 340/756 (45.0) 145/349 (41.6) 195/407 (47.9)  11 (44.0) 1314/324 (41.4)  
3-4 173/756 (22.9) 93/349 (26.7) 80/407 (19.7)  4 (16.0) 89/324 (27.5)  
Number of hours per week 
spent with each close 
contact, mean (SD) 
28.2 (25.5) 29.0 (24.5) 27.6 (26.3) 0.24 25.9 (22.0) 29.2 (24.7) 0.60 
1Among those who reported spending time in each activity 
Notes: n (%) unless otherwise noted; p-values < 0.10 are shown in bold; denominators are shown for missing data; MRSA = methicillin-resistant 

























In the previous 2 weeks, spent 
time in: 
       
Educational classes 219 (37.0) 105 (40.5) 114 (34.2) 0.11 15 (37.5) 90 (41.1) 0.67 
Vocational training 73 (12.3) 32 (12.4) 41 (12.3) 0.99 3 (7.5) 29 (13.2) 0.44 
Group counseling 149 (25.2) 67 (25.9) 82 (24.6) 0.73 10 (25.0) 57 (26.0) 0.89 
Yard 355 (60.0) 159 (61.4) 196 (58.9) 0.53 23 (57.5) 136 (62.1) 0.58 
Gym 120 (20.3) 58 (22.4) 62 (18.6) 0.26 9 (22.5) 49 (22.4) 0.99 
Recreation area 463 (78.2) 207 (79.9) 256 (76.9) 0.37 32 (80.0) 175 (79.9) 0.99 
Social group 56 (9.5) 37 (14.3) 19 (5.7) 0.0004 5 (12.5) 32 (14.6) 1 
Total number of social 
activities, past 2 weeks 
       
0-1 137 (23.1) 56 (21.6) 81 (24.3) 0.44 7 (17.5) 49 (22.4) 0.49 
2-6 455 (76.9) 203 (78.4) 252 (75.7)  33 (82.5) 170 (77.6)  
Number of hours per week 
spent in, mean (SD):1 
       
Educational classes 10.7 (6.2) 10.0 (6.0) 11.4 (6.4) 0.15 8.1 (5.6) 10.3 (6.0) 0.15 
Vocational training 14.9 (4.4) 13.8 (3.7) 15.7 (4.8) 0.08 - - - 
Group counseling 12.4 (7.1) 10.9 (6.5) 13.6 (7.4) 0.02 8.1 (5.0) 11.4 (6.7) 0.15 
Yard 10.8 (11.1) 12.1 (11.8) 9.9 (10.4) 0.08 13.0 (12.0) 12.0 (11.8) 0.68 
Gym 6.2 (6.4) 6.4 (7.9) 5.9 (4.5) 0.41 5.8 (6.2) 6.5 (8.2) 0.67 
Recreation area 22.5 (24.5) 21.1 (18.0) 21.9 (17.2) 0.46 20.3 (20.7) 21.3 (17.6) 0.56 
Social group 25.5 (10.5) 24.8 (10.7) 26.9 (10.3) 0.47 - - - 
Total number of hours in 
activities, past 1 week 
       
0 to <21 171/575 (29.7) 69/252 (27.4) 102/323 (31.6) 0.15 11/38 (29.0) 58/214 (27.1) 0.41 
21 to <42 210/575 (36.5) 87/252 (34.5) 123/323 (38.1)  16/38 (42.1) 71/214 (33.2)  
≥42 194/575 (33.7) 96/252 (38.1) 98/323 (30.3)  11/38 (29.0) 85/214 (39.7)  
Number of close contacts        
0 155/585 (26.5) 67/256 (26.2) 88/329 (26.8) 0.98 10/38 (26.3) 57/218 (26.2) 0.35 
























3-4 142/585 (24.3) 63/256 (24.6) 79/329 (24.0)  6/38 (15.8) 57/218 (26.2)  
Number of hours per week 
spent with each close contact, 
mean (SD) 
36.8 (28.0) 38.4 (29.2) 35.5 (27.0) 0.39 42.5 (35.6) 37.7 (28.0) 0.82 
1Among those who reported spending time in each activity 
Notes: n (%) unless otherwise noted; p-values < 0.10 are shown in bold; denominators are shown for missing data; MRSA = methicillin-resistant 





Table 4.7. Multivariable analysis of social interactions associated with Staphylococcus aureus 
colonization among male and female prison inmates  
Characteristic n PR (95% CI) p-value Covariates1 
Male Prison 
Social group membership 744 1.25 (1.00, 1.56) 0.05 Piercings; Number of 
showers; Months in current 
facility 
Hours in educational classes 246 0.95 (0.83, 1.09) 0.48 Fights; Piercings; Smokes 
cigarettes; Months in 
current facility  
Hours in vocational training 141 1.30 (1.00, 1.68) 0.05 Number of showers 
Number of close contacts 738    
0  Ref - Piercings; Number of 
showers; Shares personal 
items 
1-2  0.93 (0.77, 1.13) 0.47 
3-4  1.13 (0.92, 1.38) 0.23 
Female Prison 
Social group membership 582 1.68 (1.34, 2.09) <0.0001 None 
Hours in vocational training 72 0.91 (0.83, 0.99) 0.03 Recent infection 
Hours in group counseling 143 0.84 (0.63, 1.12) 0.23 Months in current facility 
Hours in yard 349 1.09 (1.00, 1.19) 0.04 None 
1All models were adjusted for age, race/ethnicity, and education 





Table 4.8. Multivariable analysis of social interactions associated with methicillin-resistant 
Staphylococcus aureus colonization among male prison inmates  
Characteristic n OR (95% CI) p-value Covariates1 
Hours in educational classes 106 1.85 (0.91, 3.76) 0.09 None  
Higher number of social activities 342 0.44 (0.17, 1.12) 0.09 Recent infection 
1All models were adjusted for age, race/ethnicity, and education 





Table 4.9. Descriptive analysis of individual-level network measures by Staphylococcus aureus 











Male Prison n=727 n=337 n=390  
Degree 44.9 (33.3) 45.8 (34.7) 44.0 (32.1) 0.96 








Normalized betweenness centrality 0.01 (0.039) 0.01 (0.04) 0.01 (0.038) 0.04 
Coreness 30 (20) 31 (22) 29 (19) 0.75 
Proportion of S. aureus colonized ties 0.45 (0.12) 0.46 (0.12) 0.44 (0.12) 0.02 
Female Prison n=552 n=244 n=308  
Degree 33.8 (15.3) 35.6 (16.3) 32.4 (14.3) 0.01 








Normalized betweenness centrality 0.023 (0.074) 0.015 (0.056) 0.029 (0.085) 0.92 
Coreness 23 (9) 24 (10) 22 (8) 0.003 
Proportion of S. aureus colonized ties 0.44 (0.12) 0.45 (0.12) 0.44 (0.11) 0.46 








Table 4.10. Descriptive analysis of individual-level network measures by methicillin-resistant Staphylococcus aureus or CC008 
Staphylococcus aureus colonization status among inmates interviewed within the same month 
Network Measure 

















Male Prison n=335 n=23 n=312  n=64 n=271  
Degree 22.2 (19) 26.3 (18.3) 21.9 (19) 0.12 24.3 (19.3) 21.7 (18.9) 0.28 















0.02 (0.053) 0.01 (0.024) 0.02 (0.053) 0.55 0.017 (0.045) 0.02 (0.054) 0.85 
Coreness 15 (12) 18 (12) 15 (12) 0.10 17 (12) 15 (12) 0.23 
Proportion of MRSA 
colonized ties 
0.07 (0.08) 0.10 (0.09) 0.07 (0.08) 0.03 0.08 (0.07) 0.06 (0.08) 0.02 
Proportion of CC008 
colonized ties 
0.19 (0.12) 0.21 (0.1) 0.19 (0.12) 0.34 0.20 (0.11) 0.19 (0.13) 0.65 
Female Prison n=242 n=36 n=206  n=75 n=167  
Degree 17.1 (10.8) 17.2 (11) 17.1 (10.8) 0.82 17.1 (10.6) 17.1 (11) 0.91 















0.028 (0.063) 0.034 (0.067) 0.027 (0.063) 0.08 0.033 (0.068) 0.026 (0.061) 0.67 
Coreness 12 (7) 12 (7) 12 (7) 0.52 12 (6) 12 (7) 0.72 
Proportion of MRSA 
colonized ties 
0.14 (0.12) 0.13 (0.09) 0.14 (0.13) 0.41 0.13 (0.09) 0.15 (0.13) 0.95 
Proportion of CC008 
colonized ties 
0.31 (0.15) 0.29 (0.18) 0.31 (0.14) 0.54 0.30 (0.14) 0.32 (0.15) 0.30 






Table 4.11. Multivariable analysis of individual network measures associated with 
Staphylococcus aureus colonization among male and female prison inmates 
Network Measure Outcome n PR (95% CI) p-value Covariates1 
Male Prison 




710 1.10 (0.99, 1.23) 
0.08 None 




326 1.19 (0.93, 1.50)2 

















543 1.12 (1.00, 1.26) 0.0466 
Months in 
current facility 
1All models were adjusted for age, race/ethnicity, and education 
2OR, not PR, is reported 
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Figure A3.1. Inferred one-mode social networks showing the distribution of Staphylococcus 
aureus colonization among prison inmates interviewed within the same two weeks 
 
 
Inferred one-mode social networks showing the distribution of S. aureus colonization and connectedness 
among (A) male and (B) female New York State prison inmates interviewed within two weeks of each 






Figure A3.2. Inferred one-mode social networks showing the distribution of Staphylococcus 
aureus colonization among the most social inmates 
 
 
Inferred one-mode social networks showing the distribution of S. aureus colonization and connectedness 
among (A) male and (B) female New York State prison inmates between 2011 and 2013. The network 
includes only edges with weights above the 90th percentile and, therefore, connectedness is shown for 






Figure A3.3. Inferred one-mode social networks showing the distribution of methicillin-resistant 
Staphylococcus aureus colonization among prison inmates interviewed within the same two 
weeks  
 
Inferred one-mode social networks of S. aureus colonized New York State prison inmates interviewed 
within two weeks of each other, between 2011 and 2013. The distribution of MRSA colonization is 






Figure A3.4. Inferred one-mode social networks showing the distribution of methicillin-resistant 
Staphylococcus aureus colonization among the most social prison inmates 
 
Inferred one-mode social networks of S. aureus colonized New York State prison inmates between 2011 
and 2013. The network includes only edges with weights about the 90th percentile and, therefore, 
connectedness is shown for only the most social inmates. The distribution of MRSA colonization is 






Table A3.1. Network-level measures for cumulative and reduced inferred one-mode social 






Male – All     
All possible edges 70.6% 499 213 
Edges kept if interviewed within 2 months 10.8% 106 803 
Edges kept if interviewed within 1 month 6.2% 65 606 
Edges kept if interviewed within 2 weeks 3.5% 41 493 
Edges kept if weights above 90th percentile 8.9% 83 1439 
Edges kept if weights above 95th percentile 5.5% 50 835 
Male – Colonized    
All possible edges 69.7% 228 100 
Edges kept if interviewed within 2 months 11.3% 57 362 
Edges kept if interviewed within 1 month 6.6% 32 271 
Edges kept if interviewed within 2 weeks 3.8% 20 226 
Edges kept if weights above 90th percentile 12.2% 43 325 
Edges kept if weights above 95th percentile 7.7% 25 236 
Female – All    
All possible edges 80.2% 405 503 
Edges kept if interviewed within 2 months 11.2% 65 588 
Edges kept if interviewed within 1 month 6.1% 43 401 
Edges kept if interviewed within 2 weeks 3.5% 27 310 
Edges kept if weights above 90th percentile 9.0% 52 2233 
Edges kept if weights above 95th percentile 4.8% 36 1044 
Female – Colonized    
All possible edges 81.0% 178 174 
Edges kept if interviewed within 2 months 12.5% 37 226 
Edges kept if interviewed within 1 month 7.1% 26 153 
Edges kept if interviewed within 2 weeks 4.1% 15 116 
Edges kept if weights above 90th percentile 10.8% 27 305 








Table A3.2. Descriptive analysis of individual-level network measures by Staphylococcus aureus colonization status among male 
inmates for cumulative and reduced inferred one-mode social networks 
 Total S. aureus colonized Not S. aureus colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
All possible edges n=730 n=338 n=392  
Degree 514.9 (151.6) 580.0 511.7 (153.8) 580.0 517.6 (149.8) 580.0 0.67 







Betweenness centrality 955 (9216) 0 1224 (9184) 0 724 (9249) 0 0.16 
Normalized betweenness centrality 0.004 (0.035) 0 0.005 (0.035) 0 0.003 (0.035) 0 0.16 
Coreness 432 (107) 498 431 (109) 498 434 (106) 498 0.64 
Proportion of SA colonized ties 0.46 (0.01) 0.46 0.46 (0.01) 0.46 0.46 (0.01) 0.46 0.002 
Edges kept if interviewed within 2 months n=730 n=338 n=392  
Degree 79.0 (49.6) 65.0 80.1 (51.6) 63.0 78.0 (47.9) 66.5 0.94 







Betweenness centrality 3352 (16,351) 0 3267 (16,242) 0 3426 (16,465) 0 0.33 
Normalized betweenness centrality 0.013 (0.062) 0 0.012 (0.061) 0 0.013 (0.062) 0 0.33 
Coreness 52 (32) 36 54 (33) 36 51 (30) 36 0.81 
Proportion of SA colonized ties 0.46 (0.09) 0.46 0.47 (0.09) 0.47 0.45 (0.09) 0.44 0.01 
Edges kept if interviewed within 1 months n=727 n=337 n=390  
Degree 44.9 (33.3) 33.0 45.8 (34.7) 31.0 44.0 (32.1) 34.0 0.96 







Betweenness centrality 2713 (10,292) 0 2749 (10,601) 0 2681 (10,030) 0 0.04 
Normalized betweenness centrality 0.01 (0.039) 0 0.01 (0.040) 0 0.01 (0.038) 0 0.04 
Coreness 30 (20) 19 31 (22) 19 29 (19) 19 0.75 
Proportion of SA colonized ties 0.45 (0.12) 0.47 0.46 (0.12) 0.49 0.44 (0.12) 0.44 0.02 
Edges kept if interviewed within 2 weeks n=725 n=336 n=389  
Degree 25.6 (19.2) 19.0 26.1 (20.2) 19.0 25.1 (18.2) 19.0 0.77 







Betweenness centrality 1637 (5599) 0 1758 (5779) 0 1533 (5445) 0 0.48 
Normalized betweenness centrality 0.006 (0.021) 0 0.007 (0.022) 0 0.006 (0.021) 0 0.48 
Coreness 16 (11) 13 17 (11) 12 16 (10) 13 0.87 








 Total S. aureus colonized Not S. aureus colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
Edges kept if weights above 90th percentile n=650 n=291 n=359  
Degree 57.8 (62.5) 35.0 59.1 (63.1) 36.0 56.8 (62.1) 34.0 0.52 







Betweenness centrality 468 (1530) 22 400 (1037) 19 524 (1835) 23 0.80 
Normalized betweenness centrality 0.002 (0.007) 0 0.002 (0.005) 0 0.002 (0.009) 0 0.80 
Coreness 36 (26) 34 37 (26) 35 35 (25) 32 0.38 
Proportion of SA colonized ties 0.40 (0.17) 0.45 0.39 (0.17) 0.45 0.40 (0.18) 0.45 0.56 
Edges kept if weights above 95th percentile n=583 n=261 n=322  
Degree 32.2 (44.6) 15.0 33.3 (46.2) 15.0 31.4 (43.3) 14.5 0.53 







Betweenness centrality 473 (1624) 5 464 (1506) 7 480 (1715) 2.7 0.54 
Normalized betweenness centrality 0.003 (0.01) 0 0.003 (0.009) 0 0.003 (0.010) 0 0.54 
Coreness 19 (15) 15 19 (15) 15 18 (15) 14 0.38 
Proportion of SA colonized ties 0.42 (0.21) 0.47 0.43 (0.20) 0.46 0.42 (0.22) 0.47 0.64 








Table A3.3. Descriptive analysis of individual-level network measures by Staphylococcus aureus colonization status among female 
inmates for cumulative and reduced inferred one-mode social networks 
 Total S. aureus colonized Not S. aureus colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
All possible edges n=552 n=244 n=308  
Degree 442.0 (96.8) 474.0 444.4 (97.2) 496.0 440.1 (96.6) 474.0 0.44 







Betweenness centrality 687 (6571) 0 259 (2219) 0 1026 (8563) 0 0.48 
Normalized betweenness centrality 0.005 (0.043) 0 0.002 (0.015) 0 0.007 (0.057) 0 0.48 
Coreness 373 (63) 404 372 (63) 404 373 (63) 404 0.85 
Proportion of SA colonized ties 0.45 (0.01) 0.44 0.44 (0.01) 0.44 0.45 (0.01) 0.44 <0.0001 
Edges kept if interviewed within 2 months n=552 n=244 n=308  
Degree 61.7 (21.5) 62.0 64.3 (22.2) 66.5 59.6 (20.7) 59.0 0.01 







Betweenness centrality 2629 (11,441) 0 3570 (13,317) 0 1883 (9659) 0 0.27 
Normalized betweenness centrality 0.017 (0.076) 0 0.024 (0.088) 0 0.012 (0.064) 0 0.27 
Coreness 40 (13) 40 42 (14) 40 39 (12) 40 0.002 
Proportion of SA colonized ties 0.44 (0.09) 0.42 0.45 (0.10) 0.44 0.44 (0.09) 0.41 0.11 
Edges kept if interviewed within 1 months n=552 n=244 n=308  
Degree 33.8 (15.3) 32.0 35.6 (16.3) 34.0 32.4 (14.3) 31.0 0.01 







Betweenness centrality 3461 (11196) 0 2262 (8508) 0 4411 (12,870) 0 0.92 
Normalized betweenness centrality 0.023 (0.074) 0 0.015 (0.056) 0 0.029 (0.085) 0 0.92 
Coreness 23 (9) 23 24 (10) 24 22 (8) 20 0.003 
Proportion of SA colonized ties 0.44 (0.12) 0.43 0.45 (0.12) 0.45 0.44 (0.11) 0.42 0.46 
Edges kept if interviewed within 2 weeks n=552 n=244 n=307  
Degree 19.2 (9.7) 18.0 20.1 (10.1) 19.0 18.4 (9.3) 17.0 0.04 
Strength (weighted degree) 448,009 (729,211) 204150 490,415 (629,782) 250,906 414,305 (798,884) 188,103 0.04 
Betweenness centrality 570 (1397) 0 386 (1035) 0 715 (1615) 0 0.11 
Normalized betweenness centrality 0.004 (0.009) 0 0.003 (0.007) 0 0.005 (0.011) 0 0.11 
Coreness 14 (6) 12 14 (6) 13 13 (6) 12 0.01 
Proportion of SA colonized ties 0.44 (0.14) 0.44 0.43 (0.15) 0.45 0.44 (0.14) 0.44 0.53 








 Total S. aureus colonized Not S. aureus colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
Degree 46.7 (54.7) 27.5 46.9 (51.0) 33.5 46.6 (57.7) 24.5 0.53 







Betweenness centrality 373 (1216) 29 371 (1169) 36 375 (1256) 27 0.65 
Normalized betweenness centrality 0.003 (0.009) 0 0.003 (0.009) 0 0.003 (0.009) 0 0.65 
Coreness 28 (19) 26 28 (19) 30 27 (19) 24 0.71 
Proportion of SA colonized ties 0.39 (0.17) 0.43 0.41 (0.16) 0.44 0.37 (0.17) 0.42 0.002 
Edges kept if weights above 95th percentile n=504 n=230 n=274  
Degree 24.2 (37.8) 11.0 23.1 (30.4) 12.0 25.1 (43.0) 10.0 0.73 







Betweenness centrality 415 (1610) 0.3 366 (1156) 0.7 455 (1911) 0.2 0.58 
Normalized betweenness centrality 0.003 (0.013) 0 0.003 (0.009) 0 0.004 (0.015) 0 0.58 
Coreness 14 (12) 10 15 (12) 12 14 (11) 10 0.43 
Proportion of SA colonized ties 0.32 (0.21) 0.37 0.34 (0.22) 0.38 0.31 (0.20) 0.35 0.06 








Table A3.4. Descriptive analysis of individual-level network measures by methicillin-resistant Staphylococcus aureus colonization 
status among male inmates for cumulative and reduced inferred one-mode social networks 
 Total S. aureus colonized MRSA colonized MSSA colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
All possible edges n=338 n=23 n=315  
Degree 234.8 (71.6) 267.0 231.9 (71.2) 244.0 235 (71.8) 267.0 0.67 







Betweenness centrality 426 (2927) 0 1422 (5814) 0 353 (2598) 0 0.47 
Normalized betweenness centrality 0.008 (0.052) 0 0.025 (0.103) 0 0.006 (0.046) 0 0.47 
Coreness 196 (50) 227 198 (48) 227 196 (50) 227 0.87 
Proportion of MRSA colonized ties 0.07 (0.01) 0.07 0.06 (0) 0.06 0.07 (0.01) 0.07 0.0009 
Proportion of CC008 colonized ties 0.19 (0.02) 0.19 0.19 (0.01) 0.19 0.19 (0.02) 0.19 0.45 
Edges kept if interviewed within 2 months n=338 n=23 n=315  
Degree 38.1 (27.3) 30.0 43.8 (28.1) 34.0 37.7 (27.2) 30.0 0.21 







Betweenness centrality 1512 (5355) 0 2831 (7759) 0 1415 (5140) 0 0.47 
Normalized betweenness centrality 0.027 (0.095) 0 0.050 (0.137) 0 0.025 (0.091) 0 0.47 
Coreness 27 (19) 20 32 (20) 22 27 (19) 20 0.13 
Proportion of MRSA colonized ties 0.07 (0.06) 0.06 0.10 (0.06) 0.09 0.06 (0.06) 0.05 0.01 
Proportion of CC008 colonized ties 0.19 (0.10) 0.2 0.23 (0.08) 0.23 0.19 (0.10) 0.19 0.03 
Edges kept if interviewed within 1 months n=335 n=23 n=312  
Degree 22.2 (19.0) 14.0 26.3 (18.3) 21.0 21.9 (19.0) 14.0 0.12 







Betweenness centrality 1094 (2922) 0 535 (1358) 0 1136 (3003) 0 0.55 
Normalized betweenness centrality 0.020 (0.053) 0 0.010 (0.024) 0 0.020 (0.054) 0 0.55 
Coreness 15 (12) 10 18 (12) 13 15 (12) 10 0.10 
Proportion of MRSA colonized ties 0.07 (0.08) 0.06 0.10 (0.09) 0.08 0.07 (0.08) 0.06 0.03 
Proportion of CC008 colonized ties 0.19 (0.12) 0.20 0.21 (0.10) 0.21 0.19 (0.12) 0.20 0.34 
Edges kept if interviewed within 2 weeks n=332 n=23 n=309  
Degree 12.6 (11.0) 8.0 15.0 (10.4) 12.0 12.4 (11.1) 8.0 0.09 















 Total S. aureus colonized MRSA colonized MSSA colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
Normalized betweenness centrality 0.014 (0.032) 0 0.014 (0.027) 0 0.014 (0.032) 0 0.56 
Coreness 8 (6) 5 10 (6) 7 8 (6) 5 0.07 
Proportion of MRSA colonized ties 0.07 (0.10) 0 0.10 (0.11) 0.08 0.06 (0.10) 0 0.03 
Proportion of CC008 colonized ties 0.18 (0.15) 0.19 0.19 (0.10) 0.20 0.18 (0.15) 0.19 0.63 
Edges kept if weights above 90th percentile n=254 n=17 n=237  
Degree 30.9 (29.3) 21.0 35.1 (29.5) 30.0 30.6 (29.3) 20.0 0.39 







Betweenness centrality 177 (382) 21 181 (269) 39 177 (389) 21 0.62 
Normalized betweenness centrality 0.006 (0.012) 0.001 0.006 (0.008) 0.001 0.006 (0.012) 0.001 0.62 
Coreness 20 (13) 19 20 (10) 21 20 (13) 19 0.61 
Proportion of MRSA colonized ties 0.11 (0.13) 0.07 0.07 (0.06) 0.06 0.11 (0.13) 0.08 0.09 
Proportion of CC008 colonized ties 0.21 (0.17) 0.19 0.16 (0.11) 0.17 0.21 (0.17) 0.19 0.23 
Edges kept if weights above 95th percentile n=227 n=15 n=212  
Degree 17.5 (21.7) 8.0 23.4 (27.9) 12.0 17.1 (21.3) 8.0 0.23 







Betweenness centrality 178 (493) 2 263 (526) 5 172 (492) 2 0.33 
Normalized betweenness centrality 0.007 (0.019) 0 0.010 (0.021) 0 0.007 (0.019) 0 0.33 
Coreness 10 (7) 8 11 (5) 12 10 (7) 8 0.39 
Proportion of MRSA colonized ties 0.15 (0.20) 0.08 0.10 (0.11) 0.06 0.15 (0.21) 0.08 0.67 
Proportion of CC008 colonized ties 0.22 (0.23) 0.18 0.18 (0.14) 0.19 0.22 (0.23) 0.18 0.94 









Table A3.5. Descriptive analysis of individual-level network measures by methicillin-resistant Staphylococcus aureus colonization 
status among female inmates for cumulative and reduced inferred one-mode social networks 
 Total S. aureus colonized MRSA colonized MSSA colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
All possible edges n=244 n=36 n=208  
Degree 197.0 (41.9) 219.0 190.0 (51.5) 211.0 198.1 (40.1) 219.0 0.52 







Betweenness centrality 342 (1893) 0 287 (1072) 0 351 (2003) 0 0.38 
Normalized betweenness centrality 0.012 (0.064) 0 0.010 (0.036) 0 0.012 (0.068) 0 0.38 
Coreness 164 (26) 177 159 (34) 177 165 (24) 177 0.44 
Proportion of MRSA colonized ties 0.14 (0.01) 0.14 0.14 (0.01) 0.14 0.14 (0.01) 0.14 <0.0001 
Proportion of CC008 colonized ties 0.31 (0.02) 0.31 0.31 (0.03) 0.31 0.31 (0.01) 0.31 0.21 
Edges kept if interviewed within 2 months n=244 n=36 n=208  
Degree 30.3 (15.1) 25.0 31.6 (16) 30.0 30.0 (15.0) 25.0 0.57 





Betweenness centrality 1085 (3225) 0 1443 (3593) 0 1023 (3162) 0 0.52 
Normalized betweenness centrality 0.037 (0.110) 0 0.049 (0.122) 0 0.035 (0.108) 0 0.52 
Coreness 20 (10) 18 22 (10) 21 20 (10) 16 0.31 
Proportion of MRSA colonized ties 0.14 (0.06) 0.15 0.12 (0.06) 0.14 0.14 (0.06) 0.15 0.04 
Proportion of CC008 colonized ties 0.31 (0.10) 0.30 0.29 (0.11) 0.31 0.31 (0.10) 0.30 0.31 
Edges kept if interviewed within 1 months n=242 n=36 n=206  
Degree 17.1 (10.8) 14 17.2 (11) 17.5 17.1 (10.8) 13.5 0.82 





Betweenness centrality 807 (1833) 0 979 (1952) 0.1 777 (1814) 0 0.08 
Normalized betweenness centrality 0.028 (0.063) 0 0.034 (0.067) 0 0.027 (0.063) 0 0.08 
Coreness 12 (7) 10 12 (7) 13 12 (7) 10 0.52 
Proportion of MRSA colonized ties 0.14 (0.12) 0.13 0.13 (0.09) 0.15 0.14 (0.13) 0.12 0.41 
Proportion of CC008 colonized ties 0.31 (0.15) 0.29 0.29 (0.18) 0.28 0.31 (0.14) 0.3 0.54 
Edges kept if interviewed within 2 weeks n=236 n=36 n=200  
Degree 9.7 (6.3) 9.0 9.1 (5.8) 8.0 9.8 (6.4) 9.0 0.66 













 Total S. aureus colonized MRSA colonized MSSA colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
Normalized betweenness centrality 0.002 (0.005) 0 0.002 (0.005) 0 0.002 (0.005) 0 0.57 
Coreness 7 (4) 7 7 (4) 7 7 (4) 7 0.86 
Proportion of MRSA colonized ties 0.14 (0.14) 0.11 0.12 (0.14) 0.08 0.14 (0.14) 0.12 0.25 
Proportion of CC008 colonized ties 0.31 (0.19) 0.27 0.28 (0.19) 0.25 0.31 (0.19) 0.29 0.30 
Edges kept if weights above 90th percentile n=216 n=32 n=184  
Degree 23.3 (23.2) 18.5 16.3 (18.0) 9.5 24.5 (23.8) 20.0 0.05 







Betweenness centrality 151 (420) 12 189 (707) 6 145 (350) 14 0.11 
Normalized betweenness centrality 0.007 (0.018) 0.001 0.008 (0.031) 0 0.006 (0.015) 0.001 0.11 
Coreness 15 (9) 17 11 (9) 10 15 (9) 18 0.04 
Proportion of MRSA colonized ties 0.17 (0.27) 0.09 0.15 (0.29) 0.06 0.17 (0.26) 0.09 0.06 
Proportion of CC008 colonized ties 0.30 (0.23) 0.26 0.29 (0.26) 0.24 0.3 (0.23) 0.26 0.27 
Edges kept if weights above 95th percentile n=185 n=25 n=160  
Degree 12.9 (15.0) 7.0 10.1 (12.5) 4.0 13.3 (15.4) 7.0 0.13 







Betweenness centrality 152 (440) 0 155 (492) 0 151 (434) 2 0.19 
Normalized betweenness centrality 0.009 (0.026) 0 0.009 (0.029) 0 0.009 (0.026) 0 0.19 
Coreness 9 (7) 7 7 (8) 4 9 (7) 7 0.16 
Proportion of MRSA colonized ties 0.15 (0.27) 0.06 0.09 (0.20) 0 0.16 (0.27) 0.06 0.10 
Proportion of CC008 colonized ties 0.27 (0.25) 0.25 0.18 (0.22) 0.19 0.29 (0.25) 0.25 0.01 









Table A3.6. Descriptive analysis of individual-level network measures by colonization with CC008 Staphylococcus aureus isolates 
among male inmates for cumulative and reduced inferred one-mode social networks 
 Total S. aureus colonized CC008 colonized Not CC008 colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
All possible edges n=338 n=65 n=273  
Degree 234.8 (71.6) 267.0 234.8 (68.9) 267.0 234.8 (72.4) 267.0 0.63 







Betweenness centrality 426 (2927) 0 1113 (5241) 0 262 (2003) 0 0.15 
Normalized betweenness centrality 0.008 (0.052) 0 0.020 (0.093) 0 0.005 (0.035) 0 0.15 
Coreness 196 (50) 227 199 (49) 227 196 (50) 227 0.62 
Proportion of MRSA colonized ties 0.07 (0.01) 0.07 0.07 (0.01) 0.07 0.07 (0.01) 0.07 0.92 
Proportion of CC008 colonized ties 0.19 (0.02) 0.19 0.19 (0.01) 0.19 0.19 (0.02) 0.19 0.54 
Edges kept if interviewed within 2 months n=338 n=65 n=273  
Degree 38.1 (27.3) 30.0 41.6 (28.8) 30.0 37.3 (26.9) 30.0 0.41 







Betweenness centrality 1512 (5355) 0 2467 (7372) 0 1284 (4740) 0 0.39 
Normalized betweenness centrality 0.027 (0.095) 0 0.044 (0.130) 0 0.023 (0.084) 0 0.39 
Coreness 27 (19) 20 30 (20) 20 26 (19) 20 0.29 
Proportion of MRSA colonized ties 0.07 (0.06) 0.06 0.08 (0.06) 0.09 0.06 (0.06) 0.05 0.02 
Proportion of CC008 colonized ties 0.19 (0.10) 0.20 0.21 (0.10) 0.23 0.18 (0.10) 0.19 0.02 
Edges kept if interviewed within 1 months n=335 n=64 n=271  
Degree 22.2 (19) 14.0 24.3 (19.3) 15.5 21.7 (18.9) 14.0 0.28 







Betweenness centrality 1094 (2922) 0 964 (2528) 0 1125 (3011) 0 0.85 
Normalized betweenness centrality 0.020 (0.053) 0 0.017 (0.045) 0 0.020 (0.054) 0 0.85 
Coreness 15 (12) 10 17 (12) 11 15 (12) 10 0.23 
Proportion of MRSA colonized ties 0.07 (0.08) 0.06 0.08 (0.07) 0.08 0.06 (0.08) 0.06 0.02 
Proportion of CC008 colonized ties 0.19 (0.12) 0.20 0.20 (0.11) 0.21 0.19 (0.13) 0.19 0.65 
Edges kept if interviewed within 2 weeks n=332 n=64 n=268  
Degree 12.6 (11.0) 8.0 13.5 (11.5) 8.0 12.4 (10.9) 8.0 0.72 















 Total S. aureus colonized CC008 colonized Not CC008 colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
Normalized betweenness centrality 0.014 (0.032) 0 0.010 (0.026) 0 0.015 (0.033) 0 0.66 
Coreness 8 (6) 5 9 (6) 6 8 (6) 5 0.30 
Proportion of MRSA colonized ties 0.07 (0.10) 0 0.07 (0.09) 0.03 0.07 (0.10) 0 0.69 
Proportion of CC008 colonized ties 0.18 (0.15) 0.19 0.18 (0.14) 0.20 0.18 (0.15) 0.19 0.89 
Edges kept if weights above 90th percentile n=254 n=48 n=206  
Degree 30.9 (29.3) 21.0 31.1 (27.3) 24.0 30.8 (29.8) 20.5 0.78 







Betweenness centrality 177 (382) 21 224 (483) 9 166 (354) 25 0.50 
Normalized betweenness centrality 0.006 (0.012) 0.001 0.007 (0.015) 0 0.005 (0.011) 0.001 0.50 
Coreness 20 (13) 19 20 (13) 19 20 (13) 19 0.87 
Proportion of MRSA colonized ties 0.11 (0.13) 0.07 0.09 (0.09) 0.07 0.11 (0.14) 0.08 0.42 
Proportion of CC008 colonized ties 0.21 (0.17) 0.19 0.20 (0.15) 0.18 0.21 (0.17) 0.19 0.63 
Edges kept if weights above 95th percentile n=227 n=45 n=182  
Degree 17.5 (21.7) 8.0 16.4 (18.8) 10.0 17.8 (22.4) 8.0 0.94 







Betweenness centrality 178 (493) 2 174 (455) 1 178 (504) 3 0.48 
Normalized betweenness centrality 0.007 (0.019) 0 0.007 (0.018) 0 0.007 (0.020) 0 0.48 
Coreness 10 (7) 8 10 (7) 8 10 (7) 8 0.83 
Proportion of MRSA colonized ties 0.15 (0.20) 0.08 0.16 (0.19) 0.08 0.15 (0.20) 0.08 0.49 
Proportion of CC008 colonized ties 0.22 (0.23) 0.18 0.23 (0.23) 0.18 0.22 (0.23) 0.18 0.73 








Table A3.7. Descriptive analysis of individual-level network measures by colonization with CC008 Staphylococcus aureus isolates 
among female inmates for cumulative and reduced inferred one-mode social networks 
 Total S. aureus colonized CC008 colonized Not CC008 colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
All possible edges n=244 n=75 n=169  
Degree 197.0 (41.9) 219.0 199.6 (42.7) 219.0 195.8 (41.6) 215.0 0.39 







Betweenness centrality 3412 (1893) 0 286 (1117) 0 366 (2152) 0 0.80 
Normalized betweenness centrality 0.012 (0.064) 0 0.010 (0.038) 0 0.012 (0.073) 0 0.80 
Coreness 164 (26) 177 165 (27) 177 164 (25) 177 0.38 
Proportion of MRSA colonized ties 0.14 (0.01) 0.14 0.14 (0.01) 0.14 0.14 (0.01) 0.14 0.02 
Proportion of CC008 colonized ties 0.31 (0.02) 0.31 0.31 (0.02) 0.31 0.31 (0.01) 0.31 0.12 
Edges kept if interviewed within 2 months n=244 n=75 n=169  
Degree 30.3 (15.1) 25.0 31.5 (14.5) 28.0 29.8 (15.4) 25.0 0.42 
Strength (weighted degree) 680,603 (809,431) 317,832 643,765 (758,247) 304,337 696,951 
(832,795) 
340,019 0.91 
Betweenness centrality 1085 (3225) 0 997 (2920) 0 1124 (3359) 0 0.94 
Normalized betweenness centrality 0.037 (0.110) 0 0.034 (0.099) 0 0.038 (0.114) 0 0.94 
Coreness 20 (10) 18 21 (9) 21 20 (10) 16 0.28 
Proportion of MRSA colonized ties 0.14 (0.06) 0.15 0.13 (0.06) 0.14 0.14 (0.07) 0.15 0.38 
Proportion of CC008 colonized ties 0.31 (0.10) 0.30 0.31 (0.10) 0.32 0.30 (0.10) 0.29 0.77 
Edges kept if interviewed within 1 months n=242 n=75 n=167  
Degree 17.1 (10.8) 14.0 17.1 (10.6) 14.0 17.1 (11.0) 14.0 0.91 
Strength (weighted degree) 412,069 (541,194) 168,215 394,439 (541,897) 157,143 419,986 
(542,322) 
171,121 0.67 
Betweenness centrality 807 (1833) 0 945 (1961) 0 746 (1775) 0 0.67 
Normalized betweenness centrality 0.028 (0.063) 0 0.033 (0.068) 0 0.026 (0.061) 0 0.67 
Coreness 12 (7) 10 12 (6) 12 12 (7) 10 0.72 
Proportion of MRSA colonized ties 0.14 (0.12) 0.13 0.13 (0.09) 0.14 0.15 (0.13) 0.12 0.95 
Proportion of CC008 colonized ties 0.31 (0.15) 0.29 0.30 (0.14) 0.29 0.32 (0.15) 0.3 0.30 
Edges kept if interviewed within 2 weeks n=236 n=75 n=161  
Degree 9.7 (6.3) 9.0 9.2 (5.7) 8.0 9.9 (6.6) 9.0 0.70 
Strength (weighted degree) 235,080 (325,070) 94,361 216,874 (306,178) 87,772 243,561 
(334,094) 
98,793 0.40 








 Total S. aureus colonized CC008 colonized Not CC008 colonized p-value 
 Mean (SD) Median Mean (SD) Median Mean (SD) Median  
Normalized betweenness centrality 0.002 (0.005) 0 0.002 (0.004) 0 0.002 (0.005) 0 0.33 
Coreness 7 (4) 7 7 (4) 7 7 (4) 7 0.64 
Proportion of MRSA colonized ties 0.14 (0.14) 0.11 0.12 (0.13) 0.12 0.15 (0.15) 0.11 0.30 
Proportion of CC008 colonized ties 0.31 (0.19) 0.27 0.28 (0.19) 0.25 0.32 (0.19) 0.29 0.05 
Edges kept if weights above 90th percentile n=216 n=64 n=152  
Degree 23.3 (23.2) 18.5 21.4 (23.4) 14.5 24.1 (23.1) 20.0 0.48 







Betweenness centrality 151 (420) 12 169 (545) 7 143 (357) 17 0.34 
Normalized betweenness centrality 0.007 (0.018) 0.001 0.007 (0.024) 0 0.006 (0.016) 0.001 0.34 
Coreness 15 (9) 17 14 (9) 14 15 (10) 18 0.69 
Proportion of MRSA colonized ties 0.17 (0.27) 0.09 0.13 (0.24) 0.06 0.19 (0.27) 0.09 0.02 
Proportion of CC008 colonized ties 0.30 (0.23) 0.26 0.27 (0.21) 0.24 0.31 (0.24) 0.27 0.06 
Edges kept if weights above 95th percentile n=185 n=56 n=129  
Degree 12.9 (15.0) 7.0 11.5 (16.0) 5.0 13.5 (14.6) 7.0 0.14 







Betweenness centrality 152 (440) 0 155 (568) 0 150 (374) 8 0.04 
Normalized betweenness centrality 0.009 (0.026) 0 0.009 (0.034) 0 0.009 (0.022) 0 0.04 
Coreness 9 (7) 7 8 (8) 5 9 (7) 7 0.24 
Proportion of MRSA colonized ties 0.15 (0.27) 0.06 0.11 (0.21) 0 0.17 (0.28) 0.06 0.08 
Proportion of CC008 colonized ties 0.27 (0.25) 0.25 0.22 (0.22) 0.2 0.30 (0.25) 0.25 0.01 








Chapter 5. Conclusions 
 
“Preventing transmission of methicillin-resistant Staphylococcus aureus (MRSA) in a confined setting, 
such as a prison, is extraordinarily difficult, time consuming, and resource-intensive. All potential 
opportunities for inmates to have close physical contact or to share communal items should be carefully 
scrutinized…to identify strategies to interrupt MRSA transmission.” 
- Federal Bureau of Prisons MRSA Infections Management Clinical Guidelines, April 2012  
 
  Incarcerated individuals represent an underserved population at high-risk for many 
health conditions, such as mental illness, communicable disease, and consequences of substance 
abuse. Their elevated risk is not entirely due to the incarceration itself, but because of behavioral 
and sociodemographic factors present among individuals prior to incarceration.1 Crowded living 
conditions, inadequate hygiene, and limited access to health care and treatment in jails and 
prisons perpetuate those risks during incarceration and pathogens that are transmitted via direct 
or indirect contact, such as Staphylococcus aureus, can be “extraordinarily difficult”2 to control 
in those settings. The prevalence of methicillin-resistant and susceptible S. aureus colonization 
and infection in correctional facilities greatly exceeds what is found in the community3–7 and 
while factors that contribute to risk of infection during an outbreak have been well 
characterized8–13 little is known about what drives endemic levels of S. aureus in incarcerated 
populations.  Two potential explanations for high endemic levels of S. aureus colonization and 
infection in correctional settings are (1) the “revolving door effect” in which strains are 
constantly introduced into facilities due to high recidivism rates14 and frequent transfers between 
facilities and (2) the “amplification effect” in which the amplification and dissemination of 





 Guided by a conceptual framework that describes how social and behavioral 
characteristics within correctional facilities influence inmate health, this dissertation sought to 
evaluate the “amplification effect” in a non-outbreak setting by evaluating S. aureus within two 
maximum-security prisons over a 5-year period. This was accomplished using a molecular 
epidemiologic approach and methods that accounted for the substantial S. aureus diversity to 
identify evidence for transmission within the facilities. In addition, social network analysis 
(SNA) was used to evaluate whether social interactions between inmates drove transmission. A 
summary of the results, as well as a discussion of their implications on the spread of S. aureus in 
prisons and additional research that is needed, are provided below. 
Summary of Results 
 Chapter 2 summarizes a systematic review of studies that used SNA to evaluate 
infectious disease transmission via non-sexual/non-injection drug use contact pathways. The 
review was conducted to determine what types of research questions could be addressed using 
these methods and to synthesize the findings when influences of social networks on disease risk 
were measured statistically. Among the 15 articles that were included in the review, most 
evaluated tuberculosis or diarrheal disease transmission. However, there was wide variation 
across all studies in terms of how relationships between network members were ascertained, 
what measures were used to capture social network structure, and how those data were analyzed. 
Overall, SNA was used (1) in tuberculosis outbreaks to complement traditional contact 
investigations, (2) in combination with molecular data to reveal granular patterns of disease 
transmission, (3) to evaluate the impact of risk behaviors, such as hard drug use, (4) in 
combination with geographic analyses to evaluate the respective roles of social connectivity and 





context-specific interactions. The review demonstrated that SNA is a powerful yet underutilized 
tool in infectious disease epidemiology, particularly in the study of non-sexual/non-injection 
drug use networks. It also highlighted the need to further develop and harmonize statistical 
methods to encourage their use within a framework that maintains flexibility but allows for 
comparison across studies.  
 Chapter 3 evaluated whether there was evidence for transmission within the two prison 
facilities and S. aureus carriage isolates that were collected over a 5-year period were 
characterized for their distribution and diversity. Furthermore, relationships between S. aureus 
strain distribution and diversity and increasing length of incarceration were assessed. An 
important and unexpected finding from the study demonstrated that the prevalence of S. aureus 
colonization among inmates being released from the prisons was lower than it was among 
inmates entering the prisons and that the rate of becoming colonized while incarcerated did not 
exceed that of loss of colonization. While this seemed to argue against the “amplification effect” 
those initial findings did not take into account length of incarceration or the potential that 
transmission was occurring and that particular strains of S. aureus were selected for over time. 
That is, the “amplification effect” might manifest not as an increase in overall prevalence but 
rather an increase in the relative abundance of particular strains.  
 The main analyses evaluated changes in the distribution of spa clonal complexes with 
increasing length of incarceration and did not reveal any consistent patterns of increasing or 
decreasing representation by a particular clonal complex. However, when comparing carriage 
isolates from a subset of inmates who had been interviewed twice, the results showed that the 
relative frequency of CC008 (i.e., USA300/USA300-related strains, the predominant 





point. Additionally, when secondary analyses were conducted using the main analysis sample to 
further explore changes in the distribution of CC008 the results suggested that, indeed, inmates 
were more likely to acquire CC008 strains with increasing length of time served. Together, these 
findings provide evidence that S. aureus transmission occurred within both facilities. Changes in 
spa type diversity were also evaluated using Simpson’s index of diversity and those results 
demonstrated that, overall, diversity was high and did not change with increasing length of 
incarceration. Results of those analyses suggest that when comparing sub-populations that are 
highly diverse, Simpson’s index of diversity might not provide additional information beyond 
what was detected when evaluating clonal complexes. 
 The role of social interactions among prisoners on S. aureus colonization status was 
examined in two ways and these are described in Chapter 4. First, associations between 
participation in group activities (such as taking vocational or educational classes and/or spending 
time in the gym or with a social group) and S. aureus colonization were evaluated. The results 
demonstrated that colonized women were significantly more likely to report regularly spending 
time with the same social group and the same trend was observed for men. Furthermore, 
colonized women reported spending more hours in the yard and fewer hours in vocational 
training. To better understand transmission dynamics within the facilities, SNA was used to 
determine whether there were associations between colonization status and location within the 
social network. Using co-affiliation data based on inmate reports of participation in group 
activities, inferred social networks were constructed to approximate the social proximity of 
inmates who were interviewed within the same periods of time. S. aureus colonized women had 
higher coreness centrality, an indication of being a central member of the social network. They 





multivariable model. Results also suggested that S. aureus colonized men had a higher 
proportion of colonized ties (i.e., network members to whom they were directly connected) and 
the relationship was observed for colonization with S. aureus and MRSA. However, those 
associations were not significant in the multivariable models. Together, these findings support 
the hypothesis that social interactions among prison inmates was associated with S. aureus 
colonization status and, furthermore, provide preliminary evidence that social factors that drive 
S. aureus transmission within male and female prison populations differ.  
Implications and Future Directions 
 The overall implications of this dissertation support the conceptual framework (Figure 
5.1) that was used to guide it: S. aureus dissemination within prisons is influenced by the 
combined effects of length of incarceration, social interactions between inmates, and 
characteristics of the colonizing isolates. The results also provide some insight into how these 
different factors might work together to drive transmission. Women who are incarcerated for 
longer periods of time are more likely to be both centrally located in their social networks and 
colonized. The results for men were less robust but suggest that because male inmates are more 
transient they come into contact with more colonized individuals thereby increasing the potential 
for transmission. However, there was only limited evidence of transmission because the 
prevalence of colonization among inmates being released was lower than that among those 
entering the facilities and, furthermore, the distribution and diversity of S. aureus isolates did not 
change substantially. Thus, although the overall findings support the hypothesis that, in the 
absence of an outbreak, endemic levels of S. aureus in prisons are maintained to some extent via 
the “amplification effect” they imply that other factors are also involved. Additional research is 





correctional settings to a greater extent than the “amplification effect.” Rather than evaluate 
within-facility transmission dynamics, as was done in this dissertation, those studies could 
account for high rates of recidivism and frequent inmate transfer by assessing the introduction of 
S. aureus clones that results from the movement of inmates between jails and the community, 
jails and prisons, as well as between different prisons.   
 The molecular approach used in this dissertation demonstrated that, when possible, 
information in addition to speciation and antimicrobial susceptibility should be considered in the 
study of disease transmission. Indeed, had only speciation and methicillin resistance been 
evaluated, patterns of the relative frequency of clonal complexes over time could not have been 
examined and the association between increasing length of incarceration and an increased 
relative abundance of CC008 would not have been identified. The discovery that CC008 became 
more abundant was not surprising and is consistent with what has been previously reported in 
correctional, community, and healthcare settings.12,18–21 Furthermore, USA300/USA300-related 
strains (i.e., those in CC008) have been found to be particularly virulent and capable of persisting 
in the environment.22,23 The role of environmental contamination in S. aureus transmission in 
correctional settings is not well characterized24,25 and requires further investigation to examine 
whether transmission identified in the current study was through direct skin-to-skin contact 
and/or environmental exposures. In addition, because only a small percentage of inmates 
reported participation in a social group (<10%), it is important to identify alternative 
transmission pathways. 
 It is notable that the use of Simpson’s index of diversity did not provide additional 
information in the context of this study. Despite apparent changes in the overall composition of 





indicates that different methods that account not only for overall diversity but also for 
composition would be better suited to identify changes in highly diverse sub-populations. 
Traditional epidemiologic approaches rely on the categorization of non-continuous/non-ordinal 
exposures and outcomes for statistical evaluation as was done here by categorizing S. aureus into 
spa clonal complexes. This was important not only to avoid sparse data issues but also to obtain 
interpretable results. However, by using these approaches, potentially important information and 
granularity were lost, emphasizing the need to develop methods that better and more easily 
integrate molecular data in the evaluation of infectious disease transmission.   
 Future work using named contacts, longitudinal data, and refined molecular data are 
needed to counter the limitations of this research and to explore their validity. To some extent, 
however, the use of SNA in this dissertation was a proof of concept in that it demonstrated the 
feasibility of using these methods to infer and evaluate social structure and affiliation groups in 
correctional settings. The results suggest that similar methodology could be used to address a 
variety of questions at both the micro and macro levels through the identification of individuals 
who are either at risk or highly influential based on network structure. Furthermore, evidence 
gained about how disease and/or information are transmitted through social networks in prisons 
could be used to inform intervention strategies, guidelines, and policies within correctional 
settings.  
 The implications of the findings described here extend beyond prison populations. If 
endemic levels of S. aureus are predominantly maintained by constant introduction of clones 
from jails and the community, strategies to reduce S. aureus in correctional settings might be 
best implemented at the community level, in jails, and/or upon entry to prison. Strategies at the 





receive prompt treatment to avoid further transmission. In addition, education on how to prevent 
S. aureus transmission (e.g., hand hygiene, not sharing personal items), how to identify S. aureus 
infections, and that encourages infected individuals to seek medical attention would likely be 
beneficial across all settings. Decolonization using a topical antiseptic such as chlorhexidine 
washes and/or antibacterial ointments (e.g., mupirocin) to eliminate nasal colonization are other 
potential interventions that are widely used in other settings.26–28 Furthermore, the use of 
chlorhexidine-soaked wipes has been shown to reduce S. aureus carriage in an urban jail 
following 6 months of treatment. However, such decolonization strategies would need to account 
for the potential emergence of mupirocin and/or chlorhexidine resistance and would need to 
demonstrate that they achieve their desired effect of reducing infections. 
 Prisons are facilities designed to house convicted inmates where the primary concerns are 
safety and security, not infection prevention. However, prisons also provide a public health 
opportunity29 wherein millions of underserved individuals at high-risk of many health conditions 
can be reached and where they all have a constitutional right to receive medical care. In such an 
environment, where opportunities are vast yet competing priorities and resources are limiting, it 
is critical to identify which treatment and prevention strategies are cost-effective. It is also 
necessary to determine the feasibility of addressing particular problems given the constraints. 
The results of this dissertation support a framework for evaluating how prisons influence inmate 
health and demonstrate that social network structure within prisons is likely an important 
influence. However, the results also suggest that in the absence of an outbreak S. aureus 
transmission within prisons is low and therefore other factors that contribute to high levels of S. 





















Social group membership 
Microbiologic and molecular 






Figure 5.1. Conceptual framework of the role of prisons in amplifying and disseminating disease 
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